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To His Excellency, 

JOSEPH F. JOHNSTON, 

Governor of Alabama. 

Dear Sir: — I have the honor to submit herewith, as part of my 
biennial report, 1898-9, a report upon the clays of Alabama by Dr. 
Heinrich Ries. While the investigations of Dr. Ries here recorded 
have been confined to the northern half of the State, and mainly to 
one or two formations, they yet embrace the most important and 
most accessible of our clay deposits. The kaolins of the granite re- 
gion lie at a distance from railroad lines, and the discussion of these 
and of the clays of the more recent formations, in the lower half of 
the State, will be taken up in a second bulletin. 

The present report shows that our clay resources include every 
variety, ranging from the best of china clays downward, and there 
seems to be no good reason why all these materials should not be 
turned into the manufactured products, chinaware, stoneware, fire 
brick, ornamental brick, paving brick, tiles, drain pipes, etc., within 
our own borders and upon our own ground. 

Very Respectfully, 

Eugene A. Smith. 

University of Alabama, 
March 15, 1900. 
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PREFACE. 



Clay is one of the most abundant materials found in 
the earth's crust, and occurring as it does in every 
country, in almost every geological formation from 
nearly the oldest to the youngest, and frequently in 
positions easy of access, it is not to be wondered at 
that these conditions, aided by the peculiar properties 
which it possesses, have caused this material to be- 
come one of the most useful and valuable products ot 
the earth. 

The value of clay is still more readily understood 
when the statistics of Hs production are known. Thus 
in 1897, the total value of clay products made in the 
United States alone was $60,911,641.00, distributed 
as follows : 

Common brick $ 20,353,904 

Pressed brick 3,931,336 

Vitrified paving brick 3,582,037 

Ornamental brick 685,048 

Firebrick 4,094,704 

Drain tile 2,623,305 

Sewer pipe 4,C69,534 

Terra cotta 1,701,422 

Fire proofing 1,979,259 

Tile other than drain 1.026,398 

Miscellaneous 1,413,835 

Pottery 9,450,859 

Up to the present time the rank of Alabama as a 
clay producing state has not been very high, owing 
largely to the lack of information concerning its clay 
resources, and in the following report an endeavor has 
been made to furnish as much information as possible 
concerning the characters of many of the Alabama 
clays. 

Heinrich Ries. 
JIarch 1, 1900. 
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GENERAL DISCUSSION OF CLAYS, 

By Heinbich Ries. 



ORIGIN OF CLAY. 

Clay is to be met almost every where, and while it 
varies in form, color and other physicial properties, 
nevertheless it always forms a pasty or plastic mass 
when mixed with water, by virtue of which it may be 
molded into any shape, which it retains when dried; 
furthermore when exposed to a high temperature it 
hardens to a rock like mass. These two properties, 
the plasticity and the hardening when burnt are what 
make clay of such inestimable value tio man. 

Pure clay or kaolin is composed entirely of the min- 
eral kaolinite, which is a hydrated silicate of alumina. 
It rarely happens, however, that clay is perfectly, pure, 
for owing to the nature of its formation from another 
rock as will be explained later, it is very apt to have 
other minerals mixed m with it. These foreign min- 
erals may sometimes be present in such quantities as 
to completely mask the character of the kaolinite. 

We can therefore define clay as a mixture of kaolin- 
ite with more or less quartz and other mineral frag- 
ments, especially feldspar and mica, the whole posses- 
sing plasticity when mixed with water, and becoming 
hard when burned. 

The so called flint clays form an exception to the 
above, for while they often approach pure kaolin in 
composition, still they are almost devoid of plasticity 
when ground and mixed with water. 

Kaolinite is a secondary mineral resulting from the 
decomposition of feldspar. The feldspars are a group 
of silicate minerals of ^ather complex composition. 
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with orthorlase, the potash feldspar^ aerving as th«* 
type of the group, as well as being, the commonest 
species, 

Fuder the influence of cliemical action, which mav 
be the result of weathering or in some cases probablv 
of add yapfirB aseendninj? from the interior of the 
earth, the feldspar becomes decomposed, and the result 
of this is that the potash of the feldspar m removed 
partly in tlie form of solube carlmnate, or perhaps 
silicate, or even Unoride, while the alumina and siH^ 
remain and unite with water to form the hvdrated 
silicate of aliiuiiTia, kaolinite, whosie compositicjn is 
expressed by the formuhi Al^ O3, ^BIO.^, SH^O., or 
iu the proji^n'tiim nf silira, 47,3<l per cent.; alumina 
39.80 per cent. ; water 13.90 pc^r cent - ' 

The change can be illustrated Btill better by the fol^ 
lowing in which the first column iudirates the com- 
position of the feldspar, the secrond the amount of 
water taken up in the process of decomposition, the 
third, the armmnt of matter rejnovcHi iu solutiou' and 
the frnirth the relative amounts of the three ingri^|_ 
ents of kaolinite. 

Feidejiaj. Added* Dissolved out. Kaolinite. 

AlUffilW, .. 18.3 ..*. <}.0 IS 3 

Slllcii.,.. .. ...... «4.S ..-. 41,8 23.0 

Potftsli... *.- .. 16.» .-- UJ.0 

Water , ...* ^ ...- 0** ..-. 6.4 

Many days approach quite closely to kaolinite in 
their composition, and in some the percentage of 
aJumina even exci^ls the theoretic amount^ by oue or 
two per cent., and is evidently not due to errors of an- 
alysis. 

It has been suggested by some that this may be due 
to the presence of a certain amount of pholeHte the 
amorphous variety of kiioliii,* and while this is pos- 
sible the same comiKisition uught be shown by a cer- 
tain amount of bauxite or alumina hydrate mixed in 
wit'li the clav. 




• WheeJer, Clayi of Mlssonri, Misnourl Geological Surrey, XI. 
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None of the Alabama dajB thus far analyzed indic- 
ate this exc€*ptionaI couipositlon, 

Knomog: the luode of origin of kaolinito it will at 
once be seen that the purity of the kaolin depends on 
the nature of the parent rock, l^'eldspar often forms 
large veins of considerable purity, and nearly free 
from other associated minerals, and its deconipi>sition 
in such cases would g\Ye rise to dejiosits of pnre or 
neai'ly pure kaolin. In point of fact the purest clays 
known have with ffnv exceptions l>een formetl in this 
manner. More frequently quartz and mica are com- 
mon accessory mineral s» and remain intermixed with 
the kaolinite, both of them licing more resistent to 
weathering thau the feldsiiar. When these or othei* 
minerals orcur in the kaolin tliey have to be separated 
from it as mucli as possible by washing. 

Clays, which tucur at or close to the locality in 
which they have been formrd, are called "^residual 
clays'\ T1h\v represent some i»f the purest types of 
clay ku<jwn as well as tlie most impure. The upland 
region of the Southern Statt^ is underlain by a great 
area of feld^pathic, granitic and gneissic rocks which 
have decomposed to a ferruginous clay of residual 
nature, and one that is used extensively in the Soutli 
for the manufacture of common brick. 

In the general wearing down of the land su**face 
which is continually taking place the particles of 
residual clay are washed down into the lakes and 
oceans and deposited there as B4Hliments, thus giving 
rise to what are known as se<ltmentary clays. They 
are usually far more plastic than the residual clay^, 
especially the purer ones. 

From the nature of their formation, we should sel- 
dom look for kaolins of sedimentary origin, and when 
they do occur they have probably been derived from 
large areas of very feldspathir rock or jwssibly from 
limestones which had an appreciable percentage of 
silicate of alumina in their composition, in which case 
the lime carborate would be carried off in solntion, 
and the clay components of the rock be left behind as 
an insoluble residue. It is seldom that sedimentarv 
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clay* exhibit such remarkale purity as those from 
Chfdk Bhifif, Alabama^ or the plastic ball clays of 
Florida, 

The clays of the CretaceouB and Tertiary forma- 
tions, Avhich underlie the Coastal Plain, as well as the 
Palaeozoic shales found in Alabama, are all of sed'- 
nientary origin. 

GEOLOCUCAL BTRUCTUHE AND DISTRIBU 
TIOX OF CLAY DEPOSITS, 




BE91DUAL CLAYS, 

The mode of origin of these has already been ex- 
plained. They may occur either in the form of a broad 
mantle overli^Tng the bed rock and showing a varlab*^ 
thickness ob well as extent or they may occupy the 
position of a vein cutting across the strike of the other 
rocks, or extending at times with the bedding or lami- 
nation of them. 

liesidual clays are commonly made np of a mixture 
of an*2:ular grains which are chiefly undecom posed 
mineral matter, and clay particles which are mostly 
of sufllclent'finenesB to rc^main siisjiended in watier for 
an almost indefinite period. There is also generally 
a gradual transition from the fully formed clay at the 
surface to the f-esh rock below, whose decomposition 
has given rise to the plastic mass above, 

Tlie depth below the surface at which the noaltererl 
rock is encountered may be as little as three to four 
feet, while in some regions where the surface 'has been 
little eroded, and decomposition has been active, the 
thickness of the residual clay may exceed one hundred 
feet 

The structure of the parent rock such as stratifica- 
tion or lamination is at times often noticeable in the 
lower portion of the residual deposits, and in some 
cases it may even be preserved right up to the surface. 

Residual* deposits of the vein type result commonly 
from the decomposition of veins of granite or feld*spar. 
They vary in width, from a few inches to several hun- 
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dred feetj and their vertical extent depends in most 
cases on the depth to which the weathering action has 
progressed. 

Veins of kaolin seldom show great length, and when 
followed along the surface not uncommonly pinch 
out in both directions. They are often separated 
more or less sharply from the country rock, and this 
distinct line of deniarkation is preserved even when 
the wall rock itself is decompoBcd. They further- 
more frequently branch and at times contain lenses 
of quarts, which resist the weathering agencies and 
stand out in bold relief on the surface. It rarely pays 
to work a vein under six feet in width. 

Deposits of kaolin of the type just described should 
not be confused with sedimentary deposits of white 
clay, which are usually of a much greater extent 
than the vein formatioD, 

SEDIMENTARY CLAYS. 

These occur in the form of beds, which are either 
close to the surface or interstratified with other de- 
poses which have been accumulated in water ^ such as 
sandstone or Hmestone. They are not nnfrequently 
iuterbeddjed with coal deposits and many a coal seam 
has a fire clay floor. Sedimentary clays are, as a rule 
more homeogeneous than residual ones, and contain 
probably a greater portion of fine particles. They are 
also more plastic, and frequently contain much dis- 
seminated organic matter. Furthermore, they do not 
pass gradually into the underlying rock slb residual 
clays do, and indeed bear no relation, in a genetic 
sense, to the rocks upon which they rest. 

When sedimentai'y clays become compressed by the 
weight of overlying sediments^ they assume the 
character of hard or consolidated rock, and are known 
as shale. Shales therefore simply repreisent the finest 
clay sediment which has bcome consolidated. 

On grinding to a powder and mixing with water, 
shales become just as plastic as other clays. By 
mentamorphismj (that is heat and pressure developed 
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hy motinfain making processes) taking place in the 
ciTist of the earth, a shale may lose its chemically com- 
bined water, dievelop a tleavage, and become cob verted 
into Blate, It m then no longer possible to develop 
any plasticity in the material. 

It is not to be understood that all sedimentary clay^ 
are of a homogeneous Btructure througliout. Some 
beds may exhibit a wonderful simihirity of composi- 
tion throe ghoiit extend€*d areas, while again ther^. may 
be a wide variation in the character of any bed within 
narrow limits. Apart from this variation laterally, 
there may ahso be a vertical one "'n cases where the de- 
posit is made up of a nutmber of bedBj one over ^tJie oth- 
er, each showing distinctive characters. With Biich oc- 
currences it is possible to obtain several different 
grades of clay from the same pit Such conditions are 
apt to be the rule rather than the exception* 

A not uncommon phenomon in many of the coastal 
plain formations is the occurrence of large lenses of 
clay, free from grit surrounded by beds of ^ndy clay 
or even sand. 

DISTRIBUTION, 

Clavs and shales occur in practically every geologi* 
cal formation with the exception of the oldest. Most 
of those wliich are older than the Creataceons are 
liard and sltale — like in their nature, while those 
of the Cretaceous and Tertiary ou the other liand are 
usually soft and plastic, but deposits of Creataceons 
and also Tertiary shales are known. 

The geological age of a clay or shale is no indication 
of its quality J and it is only of use at times for a means 
of comparison between two beds situated near each 
other J but even liere it is not altogether a safe guide. 

The geological relations of the clays of Alabama 
are treated somewhat more in detail below in a separ* 
ate chapter, 

PROPERTIES OF CLAYS. 

These fall into two classes, i. e. (1) Chemical and 
(2) PhyaicaL Tw^o clays may correspond in their 
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widdy in their physical characters^ and therefore act 
entirely opposite when used for the manufacture of 
clay products. 

Pure clay or kaoUu would be composed entirely of 
kaolinite, the hyd rated cilicate of alumina. These 
two terms are often confounded and it Ik well to em- 
pahasiizie the fait that kaolinite refei^s to the mineral 
specif^, while the term kaolin is applied to the mass. 
Pure kaolin has not thus far b€*en found, although 
deposits containing as much as 98 per cent* of it are 
known, and the othe" two per cent, consists of foreign 
matter* The kaolin therefore contains a yariahle 
amount of mineral 'ni purities mixed in with tlie kao- 
linite or the clay substance, as it is some times called, 
and these impurities may affect both the chemical and 
the physical properties to a variable extent, depend- 
ing ujxm the quantity and the kind of them present. 
The clay substance is always present but in a 
yariable amount, and it stands in no direct relation to 
the plasticity, ext^^pt in so far that the latter is lost 
when the combined water is driven off. 

The amount of clay sulistance in clays ranges from 
5 or 10 per cent, to 98.5 per cent. 

The chief impurities in kaolin are quartz, feldspar 
and mica, but in other clays the number of mineral 
species present may indeed be large, 

CHEMICAL PROPERTIES, 

The chemical comjmsition of a clay directly influ- 
ences its fusibility, and the color to which it burns. 

The comjKninds which may be found in clay are 
silica^ alumina, ii'on oxide, lime, ma-gnesia, potash, 
soda, milphuric acid, phosphoric acid^ manganese 
oxide and organic matter. Compounds of chromium 
and vanadnim may also be present at times in small 
amounts. All of these substances are not present in 
every clay, but nuist of them are. 

Pure clay would contain silica, alumina and com- 
bined water J but the purest clay known commonly 
contain at least traces of iron oxide, lime and alkalies. 
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Alumina, organic matter and water are practically 

the only non-Yolatile conBtituentSj which do not exert 
a fluxing action on the clay in hurning, and the inten- 
sity of thiB fluxing depends partly on the amount of 
fluxes, and partly on the temperature at which tlie 
clay is burued. 

It is the custom to divide the impurities of clay into 
those wh^?h are fluxing, and those which are non-finx- 
ing. 

Pure clay is very refractory. The kaoliuite com- 
posing it contains two molecules of silica and one 
molecule of alumina, A higher percentage of sil'ca 
tends to increase the fusibility up to a certain point, 
provided it m in a finely divided condititm. above this 
point the refractoriness of the clay increases steadily 
with the addition of silica. 

Other substances are far more powerful fluxes than 
the silica howevcFj and these fluxes contain not only 
elements but also definite chemical compounds or 
mineral speciea 

The influence of fluxes increases not only with the 
amount present but also with the state of division, 
they being more active, the more finely they are divid- 
ed. If the fluxing material is present in large grains, 
these will only exert a fluxing action on their upper 
surface, while the single grains alone will for a while 
act more like quartz grains i. e. as diluents of the 
shiinkage. The minerals which may be present and 
serve as fusible impurities are commonly mica, feld- 
spar, hornbleudej pyroxene, garnetj quartz, calcite, 
gypsum, iron oxide and manganese, and the elements 
contained in these constituting the active fluxing 
agents are alkalies^ iron oxide^ lime and magnesia. 

Opinions differ somewhat in regard to the order of 
their relative effectiveness, but it is probably given 
above, the alkalies being the strongest 

The amount and kind of fluxes which it is desirable 
for a clay to contain depends on the use to wliich it is 
to be put. If a vitrified ware is desired then the 
fluxes should be present in appreciable amount, say 
10 to20per cent, depending upon the relative strength 
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of the fluxmg impurity, Hefraetory clayB, on the 
other handj should contain a low amount of fusible 
substances. Porcelain clays might have as high a per- 
centage of fluxes as 5 or G i>er cent, provided they did 
not exert a coloring action on tlie clay, 
J. 

ALKALIIJIS IN CLAYS. 

The alkalies usually contained in clays are potash, 
soda and ammonia. 

Ammonia i** a very common constituent of moist 
clay and is absorbed by the latter with gi^eat avidity; 
indeed it Is largely responsible for the characteristic 
oder of clay,* 

If the ammonia remained in the clay, it would act 
as a strong flux, but its volatile nature renders it 
harmless, for it passes off as a vapour at a temper- 
ature considerably below dull redness, and in fact may 
even volitilize with the moij^ture of the clay during the 
early stages of burning. 

Potash and soda on the other liand, which volati- 
lize only at a high temperature, are present in almost 
every clay from the smallest amount up to 9 or 10 per 
cent, and of these potash is by far the commoner of the 
two. Their variable percentage may be caused by the 
presence of more or less undecomposed feldspar, of 
which f^rthoclase, the common species, has nearly 17 
per cent of potash while the other feldspars contain 
varying amounts of soda. 

These alkalies may he present in the clay in the 
form of either soluble or insoloblc compound.-^-, the 
latter beinj:^ rei>reBented by feldspar, mica, or other 
minerals, while the soluble ones are usually the result 
of their decomposition, 

Sobfblc alkaline eompound.'i may be found in almost 
iny clay, but they are rarely present in large amounts, 
md their chief impm'tance lies in the fact that they 
are often responsible for the formation of an efflor- 
escence or whUe coating on the surface of the ware, 
they having become concentrated on the surface by the 

*F, Senft, Dl« Than SubBtatasi^ii, p. 20. 
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evaporation of tb<? moif»ture of the clay. They mav be 
rendered inHoInble by the addition of L-hemieala to the 
eJay. In addition to it8 imsightlin«^*« the efflores- 
<^fnre may interfere with the ailhesion uf a glaze ap^ 
plied to the s^ui^are of the ware, 

Holulile alkaline siilphates are powerful flukes and 
they aJ«o cause blistering of the ware, if the elav is 
heatPfi Ntiifficiently high to de^onipoBe the compound 
and fK^riiiit the escape of sulphuric acid gages. 

In some clays containini^ sulphate of iron, this eom- 
pound may be decomposed by cheniieal reaction tak- 
ing place in the elay; the snlphuric acid, which is 
• thus s^et fr^^ is apt to attack the alumina of the clay 
lubstance and if pota.sh, soda, or ammonia i;^ present 
there m formeti an ahim of potash, s^Kla or ammonia, 
which can often be detected by the taste which ic im- 
parts to the clay. 

[nmliihh alkaline eo-mpound,^. Feldspar and} miea 
which are the commonest of rock forniiuic minerals 
are the two important sources of insoluble alkaline 
Ail Its in the clay. 

The feldspars are complex silicates of alumina and 
prjta^^h, or alumina, lime and soda, Orthoclase is the 
only sjiecies furnishing potash and contains about 17 
jK-r cent, of it while the lime-!^>da feldspars have from 
4 to 14 fKT rent, of soda de^endinji on the species, 

Orthocla**e is the common feldspar, and next to it 
come albite ^nd oligoclase with 12 and 14 per tent of 
fffnla rf*Sf>ectiyely. 

The nuras arc^ complex silicates of alumina with 
either liine or luagneHia or potash. 31useovite, the 
common npecies, contains nearly 12 per cent, of pot- 
usli, sjnd luay at times also contain soda, l^\Tiile the 
potash feldspar fnses completely at about 2300^ Fahr., 
the jK*tash mica alr>ne is vt^ry refractory and unaf- 
fected by a tempf^rature of 2550'' Fahr., and though 
it probably Berves as a flux, it is not definitely known 
at jnnt whni temiHM'ature its action bejnns. 

The alknline Hfilicates on account of tlieir tiuxing 
properties are frequently at an advantage, especially 
if in the form of feldspar^ as they serve in burning to 
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bring the particles of the clay togethei^ into the den.^ 
hard body^ and also permit of the T^'are being burned 
at a lower temperature. If present in kaolins to the 
extent of several i)er cent, it is no detrimentj provided 
no iron is present; an excess of feidspai-^ howevei, 
when added to a white burning clay will tend to pro- 
duce a creamy tint. 

In the manufacture of porcelain, white earthen 
^^are, encaustic tiles and other products made from 
kaolins or white burning clays^ and having a whit^ 
body, which is imperviousj or nearly so, the alkalies 
for the fluxing of this body are added in the form of 
feldspar. 

Much feldspar is mined in this country for potten^ 
use, but all of U is the ortholase or potash feldspar. 

IRON COMPOUNDS IN CLAYS. 



Iron is not simply a fluxing impurity^ but it is also 
the great coloring agent of clays in either their burned 
or unburned condition, and furthermore when in the 
form of the hydra ted oxide or limonite it may serve 
to increase the abm>rbtive power of clay* * 

The compounds in which iron may exist in the clay^ 
are as follows: Oxides: — limonite, hematite, magne- 
tite^ ilmenite. Silicates: — mica, hornblende, garnet, 
etc. Sulphides: — pyrite arid niarcasite. Sulphate:^ 
melanterite. Carbonate : — ^s^derite. 

The iron oxides, limonite and hematite, are present 
in all clays, and may be introduced by percolating 
waters or l>e set free by the decconifmsition of any of 
the iron-bearing silicates which the clay may contain. 
Kot infrequently they are diBtribnted through the 
clay in a verv' finely divided conditionj or may form a 
thin film around the other mineral gi'ains, Limonite 
tends to color the day (unburned) brt>wn or yellow, 
while hematite impart&i a red color to it, and carbon- 
ate of iron may give gray tints. 

The more sandy the clay the less the amount of the 



* A, R Smltbt AUbojua Geological Snrreyi AgiicultiiTal Report, p. 4J5, 





14 



GENERAL DISCUSSION OF CLAYS. 



limonite required to produce any giyen intensity of 
color. 

ilica is found id most clays, and liornblende and 
garnet are probably wanting in few, while the pyrlte 
is often present in many clays, espeeially in stoneware 
and fire clays^ i'ts yellow^, glittering, metallic particles 
being easily recognizable. When large, the lumps of 
pyrite can be extracted by hand-picking, but if very 
small, they can only be separated by washing. Un- 
der weathering influences the pyrite changes t-o sul- 
phate of iron. In all of the iron bearing minerals the _ 
iron is present in either the ferrous or the ferric stage ■ 
of oxidization, and the fusibility of the clay is in- 
llueneed somewhat by this fact, for ferrous com- 
piijunds are more easily fusible than ferric ones. In 
the burning of the clay the ferrous salt will be con- 
verted into the ferric state, provided the action of the 
fire m oxidizsiug. But if it Is reducing the clay will 
fuse at a lower temperature. 

The action of weathering agent in nature is often 
sufficient to oxidize the iron in clays so that more 
ferric than ferrous iron will be found in most of tliem. 
This change is often noticeable in many clay banks 
where the upper, and at time» more porous layers, are 
colored red or yellow, while the lower layers c^re blue 
or bluish gray. 

It should be noticed, however, that a gray color may 
be produced by the presencce of organic matter, and 
the same material present in a dense clay, to which 
the air can not get access, may serve to retard the oxi- 
dation of the iron. Whenever iron exists in clay in 
combination with silica it is present probably as a 
complex silicate, for pure ferric silicate i^^ very rarej 
in nature. 

Ferric hydrate increases the absorl>ing power oi 
clay for both gases and liquids^ but it an well as the 
carbonate cliange to the oxide in burning, 

Tlie general tendency in burning is to convert the 
iron compounds into ferric oxides, provided a certain 
temperature, depending on the fusibility of the clay, 
is not exceeded, for in every clay the iron seems to re- 
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turn to the ferrouB condition as the point of vitrifica- 
tion is approached . This chan^* is accompanied by 
a liberation of oxjgen, which is responsible for the 
active swelling and blistering of the clay, which takes 
place as the point of viscosity is approached. 

If treated to an oxidising fire, the presence of fer- 
rous salts in clay may not l>e considei^ed, provided the 
heat is raised high enough to oxidize them^ but the 
rapidity wHh which the temperature is raised is ini- 
portantj for when the heat is increased rapidly the 
outer portion of the clay tends to shriuk and become 
dense before the air has liad time to enter and oxidize 
the iron in the center of the clay body, the latter re- 
maining in ferrous state. This is the cause of black 
cores sometimes seen in bricks whose exterior is red- 

Unhuimed clay may be yellow, blue, brown, red or 
gray in t^olor, depending on the relative amount of 
ferrous and ferric salts present^ for iron is the one ele- 
ment above all others which by itsif colors clays. 

The same variety of shades and colors may be pro- 
duced in burning. Ferrous oxide alone produces a 
green color when burned w hile ferric oxide aJone may 
give red or purple, and mixtures of the two may pro- 
duce yellow, cherry red, violet, blue and black.* 

Segar found tliat combinations of ferric oxidie with 
silica had a red or yellow rolor§ whMe similar com- 
pounds of the ferrous salts showed blue or green. 

The color to which any given clay burns may also 
depend on the intensity of the firing. Thus with mod- 
erate burning the iron may color a clay yellow or yel- 
lowiah red, with harder firing this will pass into deep 
red, and on still more intense heating to blue or black, 
this latter color is to be seen on breaking open the arch 
brick in many kilns, but the surface of these same 
brick may also get black, due to ashes and cinders 
from the fire sticking to them. 

The amount of ferric oxide permissible or desirable 
depends on the use to which the clay is to be put. 



iN'otiBblatn 1874, p. 16, 
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The flT»t. two f^nmm of componnds mdude mlBi^pals 
whif h ar^ y^rimarf constituents* of the day, bnt the 
thirrt fyr^t I^V^nm, m tis^nally of secondary origin, be- 
Jbjj the rmwH of chfmicaJ proce^es^ wh'ch took place 
iti the f lay mnm. 

Tlife (wirlit ion of Hme m important, for in one case^ 
If may Ik- rk-^irable, and in another it may do injnrr. 

The prf H^'n**p of lime a» a constitnent of some silicate 
Tfiirif ral \n not jrifreqaent, especiallT if tbe clay has 
\H*m flprirffl wholly or in part from crjstallinp rorks, 
RiH h m y^fiiimm ami granites. The common feldspar, 
oHImk la>v% c'ontainK no lime, but the other species of 
feli^lMpar do, and in addition there are other lime bear- 
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ing silicates which are apt to be met with in most of 
the impure clays, 

When present as a silicate, lime acts as a flux, and 
is less liable to exert a decolorizing action on the clay 
than carbonate of lime. Bleaching action is caused 
by the formation of a double silicate of iron and lime, 
when the clay reaches a itemperature approaching vit- 
rification, and the color developed is either yellow, or 
yellowish green, according to the intensity of the 
firing. 

Carborate of lime is an abundant constituent of 
some clays, and its presence, if over three or four per 
cent., can usually be detected by the effervescence 
which is producd when muriatic acid is poured on the 
clay. This compound of lime is far more injurious 
than the silicate, although, if present in the clay, in a 
finely divided condition, it may not only be harmless 
but even desirable, provided there is not an excess of 
it, for clays with as much as twenty to twenty-five per 
cent, of^lime carbonate have been used for making 
common or even pressed brick and somtimes earthen- 
ware. It is well, however, to try and keep the amount 
lower than this if possible. Highly calcareous clays 
have often found a use in making of slip glazes. 

If the carbonate of lime is present in the form of 
I)ebbles, a most undesirable effect is produced, for it 
is well known that when heated to redness, the com- 
pound is broken up into oxide of lime and carbonic 
acid gas ; this oxide of lime, when cooled, absorbs mois- 
ture from the atmosphere and slakes, the result being 
a swelling of the material and a consequent splitting 
of the brick. Now if the clay be heated to a tempera- 
ture sufficenit to decompose the carbonate of lime, but 
not high enough to make it unite with any free silica 
present, the lime of course slakes on cooling. It is con- 
sequently imporatnt either to burn the clay sufficently 
or remove the lime pebbles from the clay by screening 
or by some other method before using. 

For a high grade ware, calcareous clays are seldom 
employed, but in the manufacture of brick and terra- 
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cotta, they are frequently utilised either because no 
others are ayailable or to obtain a buff cohered ware. 

Some soft body porcelains have an appreciable' 
amount of lime^ much of the IIuu*^ariau containing 
from five to fifteen per cent, of CaO.* The bone china 
inade in England at the prc^sent day also contaiuB 
Itme and some white earthen ware manufacturers use 
lime instead of feldspar. 

Much buff ware is now made from semirefractory 
clayH, which, on account of their low percentage of 
iron, bui^n to a crtnimy color. 

The one objection to highly calcaeous clays is that 
the jwints of incipient fusion and yitrificatlion (see 
Fusibility of Clays) lie so close together that it 
is not safe to burn them hard witihout running 
the risk of fusing them. Experiments hare shown 
however, that it is possible to separate these two 
points^ by the addition of quarts and feldspar to the 
clay^ of sand containing a large percentage of these 
two minerals. 

In addtion to lowering the fusibility of clay^ lime 
also atTects the fusion and absorptive power, thus 
Segar found§§ that limy or marly clays required us- 
ually only twenty to twenty-four of water to convert 
them from a dry condittion to a workable mass, where- 
as otlier clays needed twenty-eight to thirty i*er cent, 
of water to accompli sli the same result. In burning 
the calcareous clays have not only their combined 
water to lose, but also the carbonic acid gas^ and con- 
sequently the bricks are more apt to be light and po- 
rous unless they can be burned to vitrification. The 
shrinkage of calcareous clays is also less than that of 
others, and it sometimes happens tJiat this shrinkage 
ic! not only zero, but that the brick even SAvells. 

Many clays contain lime in the form of gypsum, the 
hydrated sulphate of lime. It generally results from 
the action, on carbonate of lime^ of sulphuric acid set 
free by the oxidation and leaching of pyrite in the clay^ 

-^ — -^ ~^ m 

*Sprechaaal, 1898, p. 2. 

^ ThonlmltistHe Zletung, 3877, p. 131. * 
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When ill large amountB, gjpsuin discloses its presence 
by the formatian of transparent crystals or crjstallne 
masses, whose surface shows a pearly lustre; at other 
times it forms as parallel fibres which fill cavities or 
cracks in the clay. Gypsum may prove to be a very 
injurious impurity even when in small amonnts^ es- 
pecially if the clay is not burned to yitpiflcation. 

In the first place it serines as a tluxin*^ impurity^ 
^etvjndiy^ jt is dlissociated at high temrM^ratnres, 
and the escape of the sulphuric acid causes blistering 
of the ware^ and thirdly, althonj^h nearly insoluble in 
water, neveiiheless snuill amount of it may be brnuo^ht 
to the surface of the ware in solution by the eva[x>ra' 
tion of water and there left in the form of a white coat- 
ing. 

Kaolins commonly have very little lime, but in many 
common brick aiul staue ware clays, it frequentlj^ 
ranges from one to three per cent- 

MAGNESIA IK CLAYS. 



Magnesia is a constituent of many minerals, and yet 
it seldom occurs in large {)uantities, the amount In 
most of them rarely exceeding two per cent. 

It may occni' in the same classes of compound as 
lime i, e, silioates^ such as mica, chlorite, homblendie 
and pyroxene; in carbonates, bucIi as dolomite and 
ma^nesite; and in sulphutes^ such as epsom salts. 

The silicates are, no doubt, the most imimrtant 
source of magnesia^ for mica, chlorite, and 'hornblende 
are all common constituents of the more impure clays. 
They are scaly minerals of complex composition and 
contain from 1 to 25 per cent, of magnesia. The 
mica is frequently to be noticed in the sandy seams of 
the clay^ while the other portions of the deposit may 
be quite free from it Hornblende and pyroxene are 
to be looked for mostly in clays derived from the dark 
colored igneous rocks, and indeed the two latter min- 
erals not only furnish magnesia, but by their decom- 
position furnish also iron oxide to the clay. 

Dolomite^ the donhle carbonate of lime and mag- 
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neBia, may be present in some el ays derived from mag- 
nesian lirae^tone, while the s^ulphate of magnesia or 
eps^iim salts when present, may aid in the formation 
of a white coating on tlie surface of the ware; its pre- 
senee can sometimes 1>e detected by the bitter taste 
which it imparts to the clay. 

The effects of magnesia in clays are considered to be 
the same as those produced by lime^ 



SILICA IK CLAYS, ^ 

Three types of silica may be recognized in clay^ i. e, 

1st. Quartz. 

2nd. That which Is combined with alumina and 
water in kaolinite, 

3rd* That which is cf)mbined with one or more 
bases, fuiininK silicate minerals, such as feldspar, 
mica, etc. 

In chemical analysis the flrst and third are some- 
times grouped together under the nanie of siind, Jr at 
times erroneously spoken of as frc*e silica. 

The sand is practically insoluble in sulphuric acid 
and cauatic soda and this fact is utilized in the ration- 
al analysis of clay. 

Few clays, m> far as known, are free from quartz, 
but it is prcmnit in v aria hit* amounts in different ones, 
A minimum of .2 of rnie per cent, has been recorded 
from New Jersey* while the average in the Wood- 
bridge fire clays is five per cent. 

In the Jlissouri flint clays, a minimum of ,5 of one 
per cent.j is recorded, while the sand percentage is 20 
to 43 per cent, in the ^t J.ouis fire claysj and 20 to 50 
13er cent in the Loess clays. g 

27 samples of Alabama clays ctmtained from 5 to 50 
per cent, of insoluble residue. 

70 North Carolina clays had from 15*75 per cent 
t(* 70.43 per cent, of insoluble residue. 

In European clays similar yariations are observ- 
able. The most important effect of silica or sand is 

•G. H- Cook, anys of Kew Jersey, ISTS, p. 273. 
I Wheeler^ Missouri Oeological Buirey, Kl, page 04. 
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that as it increases the plasticity^ tensile strength, and 
air shrinkage tend to decrease^ In fact silica es- 
pecially if present abundantly in large grains, may 
cause an expansion of the clay in burning. 

Quartz serves as a flux at very high temperaturesj 
but at lower ones it tendw to increase the refractori- 
f ness of the clay^ and this property is governed some 
what by the size of the quartz grains and the amount 
of fluxing material which will fuse at lower tempera- 
tures. 

Sand acts as a diluent of the shrinkage in air drying 
and also in burning up to a certain point depending 
upon the fusihlity at the constituent grain. 

In the bnrning of low grade clay^ the quartz grains 
tend to act as a nkelehin and preserve the form of the 
masSj while the fluxing impurity by their fusion bind 
the whole together, 

TITANIC ACID IN CLAYS. 

Titanium generally ocrurw in clays in the form of 
the mineral rutile (titanic oxide). It has always 
been looked uj)f>n an a rare element and a non-detri- 
mental impurity, but the idea of its rarity has pro- 
bably resulted from the fact that it is not commonly 
determined or looked for In the ordinary quantitative 
analysis. Its effect on the fusibility of clay has never 
been thoroughly understood j although it has seemed 
probable that its action was somewhat analogous to 
that of silica. 

The exi3eriments of Seger have indicated that when 
a hundred parts of kaolin and 6,65 per cent, titanic 
oxide were heated to above melting point of ^Tought 
iron, the resulting mass was densely sinteredj and 
showed a dark blue fracture. 

13.3 per cent, added to a hundred parts of kaolin 
gave a deep blue enamel nt the same temperature, 
while an equal amount of kaolin with the addition of 
10 per cent, of silica burned to a snow white mass at 
the same temperature and did not fuse. Prom this it 
will be seen that the actions of titanium and silica at 
high temperatures are not exactly alika 
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OROAJfIC MATTER IN CLAYS. 

Organic matter aflfecte not only the color of clay but 
aIs*o its plasticity, absorptiye pf>wer and tensile 
strciif^Tli. 

It is present in ela.ys eitln^r in the form of finMy 
•divided pieces of plant tis^^ui* or larger fragments of 
Ktems or leaves, whicli settk^d in tlio clay dnring its 
deposition, and have since l»erome wholly or partly 
converted into lignite. All snvface clays contain 
plant roots, hut these exert little effect other than to 
aid the percolation of surface waters, 

flays colored by organic matter and containing no 
iron, burn white, aw the plant tissue burns off at 
brifi^ht redness; if such a clay, however be heated too 
quickly, the snrfare of it becomcK dense before all of 
the organic matter has had opportunity to escape from 
the interior, and the latter remains dark colored. 

Organic matter may also mask the presence of iron 
so that the clay, instead of luirninf? white, will burn 
red at a temiMU'atiire of alxive tiiat at which the or- 
ganic matter i>asses off, below that temi>erature the 
vegetable matter will tend to keep flie iron reduced. 
The clay from Fern bank, Lanuir County, Alabama, 
contains 6,40 per cent of ferric oxide^ and 2 to 2+ 
per cent of organic matter, but in the raw material, the 
latter hides the former. Organic nmtter exercises an 
important influence on the plasticity, often increasing 
it to an enormous degree, it also tends to elevate the 
tensile strength, the clay just menthmed showing 185 
pounds per square inch, but high x^hiBticity does not 
always indicate the presence of much organic mate- 
rial 

In the weathering of clays organic matter by its 
slow^ oxidation, aids in breaking them up by the es- 
cape of the carbonic acid gas, 

WATER IN CLAYS. 

All clays contain two kinds of w^ater: — 
1st. Hygroscopic water or moisture (mechanically 
absorbed ) . 
2nd. Chemically combined water. 
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Tlie moisture in air dried clays may be as low as .5 

per cent, and reach 30 to 40 i>er cent, in those freshly 
taken from the bank. In the air dried sjiecimens in 
the Alabama samples* tested, it varied from .12 per 
cent, to H.4 per cent. 

In air drying nitmt of the moisture is expelled, and 
this is accDmi>anied by a shrinkage of the clay, which, 
in the case of the Alal)ama .samples, was usually from 
2 to 7 per cent., but in one ca«e it rt^aeheil 14 per cent. 

Tlip air-shrinkage of the clay ceases however Ix^fore 
all the moist nre passes otit', the reason for this being 
that the shrinkage ceases when the clay particles have 
come in contact witli eacli j^ther^ but there may stili 
remain spaces between them which hold tlie water by 
capillarity, and the brick will con tine to h>se weight 
but not in size, until all of this water has been driven 
off. 

In practice it is tliis latter portion of the moisture 
that evaporates during the first period of the burning 
known as water smoking. 

The air shrinkage of a clay varies with the nature 
of the material. Sandy clays usually show the least 
shrinkage, and of this kind the coarse grained ones 
diminish the least in size, Avhile highly plastic clays 
usually show a high contraction in volume. 

Th^ amount of water^ which a dry clay needs to 
develop its maxium plasticity is a variable quantity. 
Plastic clays absorb a large amount, but a lean clay 
and fine grained one may do the same. As a very gen- 
eral rule it may be stated that lean clays absorb from 
twelve to twenty per cent, of water^ w^hile fat clays 
anywhere from tw enty to fifty per cent.^ and the more 
w^ater a clay absorbs the more it has to part with in 
drying and the greater will be its shrinkage. 

If green ware is dried too rapidly it may split, not 
only from differential shrinkage between the exterior 
and the interior surface^ but the rapid escape of steam 
may, in the first stage of the burnings tend to burst 
the ware* 

Highly aluminous clays do not always absorb the 
most water, nor are they the most plastic, and some 
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claj« lf>w in alamiDa and liij^ in organic matter are 
nor onlv liighly plai^tir hot also abiorb a large quanti- 
ty of water. 

In the maniifactorp of day prodticts the moistnre 
in partly expelle*! by exposing the ware to the snn or ^ 
putting it in heated tiinnels or rrioms, while the last] 
trareB of mijigture a*^ driven off in the early stages ol 
burning. 

Moistnre may play another important and injorions 
role in elay working by i t"^ tendency to dissolve tlie sol- 
uble salts in the elay and bring them to the surface in 
drying, where they are left in the form of a white 
coating. It may also permit tbe acids which are con- 
tained in the fire ga^es of the kiln, to act on the min- 
eral ingredients of the clay, and thus form soluble 
corapfjunds, especially clorides and sulphates. 

Combined trnter is present in every claj. In pore 
kaolin there m nearly 14 per cent of it, in other clays 
the f>ercentage depends on the amount of elay base and 
the presence of other hydrated minerals^ such aa 
limonite. 

Combined water is driven off at a low red heat, and 
when thift occurs tlie clay suffers an additional shrink- 
age* It is a curious fact that although the combined 
water does not deternrjne the degree of plasrncity of 
the clay, nevertheless when once driven off tbe clay 
can no longer be rendered plastic. The greater the 
amount of combined water, tbe greater the shrinkage, 
and in the burning the Alabama clays it varied from 
2i t^ 12 per cent. 

PHYSICAL PROPERTIE'^ OF CLAYS. 



These are fully as important as chemical ones* if 
not more h», plasticity for instance being a character 
of enormous value. 

Ttie pliysical (haracters which are of the most im- 
portance from the practical standpoint, are plasticity, 
fusibilityj shrinkage^ tensile strengthj slaking, absorp- 
tion and density. 
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PLASTICITY. 



This is the property by virtue of which a day can be 
moulded into any desired form when wet, which shape 
lA retained by it when dry- 
Just what the cause of plasticity is still re^mains to 
be definitely proven, although several theories, some 
of them very reasonable ones, have been advanced* It 
is an exceedingly variable property and we can find aU 
stages in the transition from the Iiighly pla&tic clay 
to the slightly coherent sand. Clays, which posses 
littJe plasticity are said to be lean, wliile highly plastic 
ones are called fat 

Pure or nearly pure kaolins are nearly always lean, 
while clays low in kaolinite may be highly plastic, thus 
for instance the clay from Olialk Bluff, and the stone- 
ware from Prattville, containing respectively 36.50 
and 26.98 per cent, of alumina are both lean, while the 
clays from Fayette Ccmrt House and Ferubank con- 
taining only 19,68 and 13 per cent, of alumina resx)ec- 
tively are both highly plastic. 

Cook has shown that the plasticity of some kaolins 
may be increased by grind mg them, the result being 
to tear apart the little particles of clay which were 
bunched or clustered together and thus permit a great- 
er mobility of the grains or scales of clay over each 
other. 

Mica decreases the plasticitv of clay, and if, in a 
finely divided condition^ tends to make it flaky when 
wet. 

Plasticity, whatever its cause, is an important pro- 
perty from a commercial standpoint and highly inter- 
esting from a scientific one. The amount of water re- 
quired to develop the maximum plasticity varies. If 
too little is added the clay cracks in moulding and is 
stiff and hard to work; if too much is mixed in with 
the clay it becomes very soft and retains its shape with 
diflBculty, L^in clays usually require less water to 
produce a workable mass than plastic ones* 

The Alabama clays require from 25 to 30 per cent, 
of water to develop their maximum plasticity. 
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TENSILE STREKGTH. 

The UfiiMile strength or the binding i>t>wer of a clay 
fiften Htands in relation to itj* plaBticity, but not al- 
wavH. It cxertH an important etlVct in connection 
miih the cracking of the ware in drying. The com- 
rnon method of df*tonnining it is to form the plastie 
clay into liriipiettee of the name shape rk those used in 
tlie testing of cement. When airdried they are tested 
in the regular cement testing machine, and their ten- 
sile Htrength per squai'e inch is determined. Before 
breaking, tlie croBS sectirm tif the briquett-e must be 
carefully measured, as the clay shrinks in drying and 
the ten wile ntrength per square inch has to be ealcu- 
latttd from tliiw wectional area. , 

Tlie tenHile strent^th of air-dried clays is extremely 
variable. In kaolins it is from 5 to 10 pounds per 
Hqiiare inch ; in brick clays 60 to 75 |K>unds per square 
inch and even 100 pounds; in pottery clays from 150 
to 175 pounds. 

Home very fjlastic clays show asi much as 200 and 
300 pounds per Bqnare inch^ and a tensile strength of 
even 400 i>ounds has been recorded. 

The strongest Alabama clay were the highly plastic 
one frtmi Chalk BlutF, which had a maximum tensile 
strength of 384 pounds jjer square inch, whUe the 
Choctaw C^ninty one showed only 5 pounds per s'luare 
inch. 

The Alabama clays were all ground and passed 
through a thirty megh sieve before testing. 

Very fine grained clays seem to be lacking in tensile 
strength as they are in jilasticity. 



SHRINKAGE. 

All clays undergo a shrinkage in drying and an ad- 
ditional shrinkage in burning, the first is known as 
air — , the second as fire-shrinkage. Some clays shrink 
most in drying, others most in burning, and: conse- 
quently the amount is variable and depends on the 
amount of water ai>sorbed, on the amount of lime in 
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tlie day, the quantity €>f organic matter^ the size of the 
grain, and the amount, of combined waiter. 

The amount of water al)sorlM^d, ami the texture in- 
fluence the air-8hrinkage which hegins as soon as the 
water eommeuL-es to evajwrate from the clay. It has 
already been mentioned that a clay lieepB on losing in 
weight after the shrinlxa^e haB ceased, and this fact is 
well shown by the following experiments on some Ala- 
bama samples. 

The clay was from property of J* C. Bean, See. 31, T. 20, 
E. 11 w. 

A fiber mould! ng^ the clay weig^taed . .35,698 grams. 

At end of 24 hours tlia shrinkage was Hi 

per cent, and the weight ** 30.891 '* 

At end of 48 hours, shrinkBge 12 per cent., 

weight 29.588 

At end of 6 dayp, shrinkage 12 per cent., 

weight , .....29,460 ** 

At end of 8 daya^ shrinkage 12 per cent,, 

weight ..,,.,, 2fl.l40 '* 

At end of 12 daye, shrinkage 12 per cent, 

weight 29.093 '' 

Throughout this period the clay was kept exposed to a temper- 
tore of 70^ Fahr. 

The shrinkage is generally equal in all three direc- 
tions, and conseqnently only the linear shrinkage ia 
given. The greater the shrinkage of a clay the more 
danger there is of its eraeking and warping in burn- 
ing, and when there is any apprehension that this may 
occur J an attempt is made to prevent it by the addUion 
I of grog (burned clay) which diminishes the shrinkage. 

Coarse grain days having larger pures permit the 
water to escape more rapidly, and hence can be dried 
more quickly than fine grained ones, from which the 
water can not very readily escape. If the 
drying of fine grained clays is hastened, the surface 
shtinkage is more rapid than that of the interior and 
cracking ensues. We might perhaps expect that on 
account of their greater porasity, the fine grained 
clays would abs^jrb more water, and consequently 
shrink more in drying, but the Alabama clays do not 
always bear out this fact. 

The fire shrinkage gienerally commences when the 
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combined water begius to pass off, and it may be just 
as variable as the air shrinkage. In fine i^rained clays, 
as those from near Prattyille, the shrinkage from 
burning was found to be comparatiyely nniformj 
w^hlle on the other hand moderately fine grained 
kaolin from Rock Kun shrank more rapidly as it ap- 
proached the temperature of vitrification. 

Sometimes the clay instead of shrinking during the 
burning appears to expand; and this is especially the 
case with very quartxose ones, for the quartz has the 
property of expanding at high temi>eratures. This 
expansion of siliceous clays may sometimes be respon- 
sible for the presence of cracks in the burned ware. 

As the addition of quartz to diminish the shrinkage 
also tends to decrease the tensile strength of the clayj^ 
there will be a certain limit beyond w^hieh it must not 
proceed. 

Organic matter and combined water tend to in- 
crease the shrinkage in burning, but lime has the opo- 
site tenlency. 

Clays containing a large amount of feldspar will, in 
stead of showing a steady shrinkage up to the temper- 
ature of complete vitrification, often exhibit a tempo- 
rally increase of volume when the fusing point of the 
feldspar is reached. 

The shrinkage of most clays in burning does -ot 
proceed regularly and steadily up to the temperature 
of vitrification, for some clays attain their maximum 
density at a comparatively low temperature, below 
that at which thev vitrify. Thus the plastic clay of J, 
C, Bean, near Tuscaloosa, attains its maximum 
shrinkage at cone 5, but does not vitrify until cone 27. 

Between the pointl at w^hich the moisture seems to 
pass off and that at w^hich the combined water begins 
to escape, the clay shrinks little or none at all, and 
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consequently the heat can be raised rapidly in this in- 
terval, but above and below these two points it must 
proceed slowly to prevent cracking or warping of the 
ware. 

FUSIBILITY OF CLAYS. 
I 

It can be said in general^ that other things being 
equals the fusibility of a c?aj will increase with the 
all the fuxiug im|mrities do not act with the same in- 
approximate statement however, for in the first place 
all the fluxing iuipuritieisdo not act with the same in- 
tensity, and of two clays containing the same amount 
and kind of fluxes^ that one which has the finer grain 
will usually fuse at the lower temperature^ in addition 
to this the condition of the fire, whether oxidizing or 
reducing^ also exerts an effect. 

White mica tends to increase the refractorineas of 
a clay^ and to exert very little fluxing action even at 
moderatly lii0i temperatnres. 

As a clay ij* gradually heated^ it not only shrinks, 
but also begins to harden. At the temperature at 
which the combined water begins to pasi^ off, the im* 
pure clays acquire sucli a degree of hardness that they 
can no longer be scratched by a knife ; but 'n the case 
of purer clays, the temperature must be raised much 
higher to obtain this same degree of hardness. This 
condition ia brought about by the clay particles l>e- 
ginning to soften under the action of the heat, in other 
words it represents the very first stages of melting or 
incipient fusion^ and in this condition the clay parti- 
cles stick to each other, and bind the whole together 
into a solid masa In clays which have been burned to 
incipient fusion, th* particles are however still rec- 
ognizable. If the temperature be increased, a vari- 
able amount, depending upon the clay^ the result is 






eESEMAL mmniBMms of clays. 

Ar pankks become snfficeatlv m»ft to per- 
mIjiIhm ■HI intD m eonditioii of greater eom- 
l eiii^ so imtertpdees, or in otlier words, 
begoaeg impeniofte. This eoQdition is 
L of a» Tntificatioii^ or eomplete siriteriiig. The 
portides of tlie daj are no longer recognizable^ apd 
the manmnm dirinkage baa been reacfaed. With a 
tertfcer detatioti of the tempo^tttre the elaj mass 
flMmeOMpkffelT^ and becomes viseotis or flows^. 
We fh e r e f o r e tmn neeogime three stages in the hnrn- 
' Uie dajr« i, e, indpient fasion, ritrifieation and 

The priinoi i#f toeipient: fusian and viscoBitT maj be 
mtkin 75 At^p^^m Fahr, of each other as in calcareous 
dafiy «1iile in mmt fire clays they may be as much as 
sot or ISM degtem apart^ and fuithermore the point 
of ritrifieation doeg not neeesBarily He midway be- 
tween the two, 

JfcHit days ^ow a difference of from 200 to 400 
degneen Pakn betm een the points just mentioned, and 
It f^n be easily not'ler^tood the farther apart these 
tm o pointi^ the aater mill it be to burn the clay, for it 
is not aluays pomble to control a kiln within a range 
of a few d^Tca? of temperature, and therefore in bom- 
JBga mam of ware to vitrifieation if this point lies too 
near that of viscosity, there is danger of oTerstepping 
it and reaehlng the latter. 

The fusibility of a clay depends on : 

1- The amount of flaxes. 

2, Size of the grain of the refractory and the non- 
refractory coustittientSw 

3. The condition of the fire, whether oxidizing or 
redueiiig. 

*Tlmm tkvm temm hmrt be«P ntgge«t«d bj B. A. Wbeeter, TltriAed 
PttTivs Brick, imf^. 
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Attempts have been made to express the rcflat^TC 
fiisibiliy of clays niimereally, and this number has 
been called the refractory quotient by Bishop* and 
the fiiBlbility factor by Wheeler. § In both cases^ the 
figure is obtained by using the non-fluxing elements 
of the clay for the numerator, and the fluxing impuri- 
ties as a denominater; and in tlie caste of the second 
formula^ the fineness of the grain was also taken into 
consideration. As this mode of expressing the fusi- 
bility has not come into general use, the reference is 
simply gi?en here. 

On the other hand, it is customary to express the 
fusibility of the clay in degrees of temperaturej and 
lis temperature is measured by one or another form 
'of pyrometer, wliose principle depends on t^ie fusion 
of alloys or single metals; thermo-electricity; fusion 
of an ai'tifleial mixture; spectro photometry; expan- 
sion of gases or solids; etc. Many of these are only 
applicable at lower temperatures, others ai*e largely 
influenced by the perswjnal equation, and only two or 
three of the most important will therefore be mention- 
ed here» 

THE THERMO-ELKCTRTC PYROMETER. 

Le Chatelier-s Thermoelectric pyrometer depends 
on the meiisnrement of a current generated by the 
heating of a thenno-pile. The latter consists of two 
wires, one of platium, the other an alloy, 90 per cent, 
platinum and 10 per cent of rhodium, twisted together 
at their free ends for a distance of about an inch, wh^e 
the next foot or two of their lenth is enclosed in a fire 
clay tube so that when the couple is inserted into the 

*Dle Feuerf eaten Thone, p* 71, 1879. 

i EnffUib and MlnEng Joiimat, March 10, 1894. 
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furance only the end which is held near the body 
whose temperature is to he measured^ will receive the 
full force of the heat. The two wires connect with a 
galvanometer, the deflection of whose needle increases 
with the temperature at the point of the free end of the 
wire couple. As at present put on the market, the 
thermo-electric pyrometer, costa about $180 and this, 
together with the delicacy of th^ galvanometer, hag 
tended to restrict its use. There is no reason however 
why one should not be made and put on the market for 
a much lower price. It is not necessary that the re- 
cording instrument should be in immediate vicinity 
of the kiln, but it may be kept in another room where 
it is safe from dust andi rough handling, and wires can 
extend f'-om there to tl'C kiln. This j pyrometer is con- 
sidered to be accurate to within 10 degrees F*\hr, 

SEGER PYRAMIDS. 

These consists of different mixtures of kaolin and 
fluxes, which are comi)Ounded srj that there shall be 
a constant difference between their fusing points, 
Segar's series were numbered from one to twenty, and 
the dilTerence between any twoiconsecutive numbers 
is 36 degrees Falir. A later series introduced by Cra* 
mer runs from .01 to .022 with a difference of 54 cle- 
gi'^es Fahr. between ^ their fusing i>oints, 
and in addition the higher numbers in 
the Segar series liave been extended from 
number twenty up to number thirty-six. As these 
cones have been recently recalibrated, the fusius? 
points of the various numbers together with tlieir 
composition is given herewith.* 



* Taken i¥om a recetiUy Issmed circular of Thou Industrie Ssboratorium 
BerliD, where tbe cones are and wer*J ofiginany madfl- 
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Ko. OF « PUMOK FutlOW 

OoNB. OOMPOBinOK. PoXHT POlNT 

Obnt. Fabb. 
0.6 Nat O ) • : - f 2 Si Oi 

022 I — J 690 1004 



0.6 Pb O 



0.6 Na, O ) ( 2.2 Si O. 

021 I 0.1 Al, 0, J 620 1148 

0.6 Pb O- j ( 1 B, Oa 

r2.4 Si O, 
020 I 0.2 Al, O, J 650 . 1202 



}1 f2 Si O, 
1 1 B, O, 

I 0.1 Al, 0, I 

0.5 Na, O ) r 2.4 Si 

I 0.2 Al, O, J 

0.6 Pb O j I 1 B, O, 

0.5 Na, O ) r 2.6 Si O, 

I 0.3 Al, O, J 

0.5 Pb O J ( 1 B, O, 

0.5 Na, O ) ( 2.8 Si Oj 

I 0.4 Al, O, J 

0.5 PbO J I 1 Ba O, 

0.5 Na, O ) r 3 

I 0.5 Al, O, J 

0.5 Pb O J ( 1 

0.5 Na, O ) r 3.1 SI O. 

I 0.55 Al, O, J 

0.5 Pb O J ( 1 B, Os 

0.5 Na, O 1 f 3 

I 0.6 Al, O, J 

0.5 Pb O J ( 1 

}( 3.3 Si Os 

0.65 Al, O, J 
I 1 B, O, 

t 0) r 3.4 Si O. 

I 0.7 Al, Oa J 

O j ( 1 B, O, 

>.5 Na, O ) r 3.5 Si O, 

I 0.75 Al, Oa J 

>.5 Pb O J ( 1 B, O, 

}( 3.6 Si O, 

0.8 Al, O, \ 
(1 B, O, 

0.3 K, O ^ 0.2 Fe, O, f 3.50 Si O, 

0.7 Ca O J 0.3 Al, O, ( 0.50 B, O, 

0.3 K, O ^ 0.2 Fe, O, r 3.55 Si O, 

0.7 Ca O J 0.3 Al, O, | 0.45 B, O, 



0.5 Na, O ) r 2.6 Si O, 

019 I 0.3 Al, O, J 680 12C6 



018 I 0.4 Al, O, J 710 1310 



Si O, 

017 [ 0.5 Al, O, \ 740 1364 

B, O, 

0.5 Na, O ) r 3.1 Si O, 

016 L 0.55 Al, O, J 770 1418 

0.5 Pb O j ( 1 B, Os 

0.5 Na, O ^ f 3.2 Si O, 

015 [ 0.6 Al, O, .; 800 1472 

B, O, 

0.5 Na, O ) (-3.3 Si O, 

014 J. 0.65 Al, O, .! 830 1526 

0.5 Pb O 

0.5 Na, O) r 3.4 Si O, 

013 [ 0.7 Al, Oa i 860 1580 

0.5 Pb 

0.5 Na, O ^ (-3.5 Si O, 

012 J. 0.75 Al, On \ 800 1634 

0.5 Na, 0\ r 3.6 Si O, 

Oil [ 0.8 Al, O, -! 920 1680 

0.5 Pb O 



0.3 K, O ^ 0.2 Fe, O, f 3.50 Si O, 
010 [ J 950 1742 



09 I J 970 1778 
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No. OF 

Cone. 



08 



07 



C6 



05 



04 



03 



02 



01 



0.3 Ka O 
0.7 Ca O 
0.3 Kg O 

0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
r.7 Ca 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 



COMPOSITIO.V. 

0.2 Fea Os 
0.3 Ala Os 
0.2 Fea Os 
0.3 Ala Os 
0.2 Fea Os 
0.3 Ala Oa 
0.2 Fea Os 
0.3 Ala Os 
0.2 Fea Os 
0.3 Ala Os 
0.2 Fea Os 
0.3 Ala Os 
0.2 Fea Os 
0.3 Alo Os 
0.2 F£2 Os 
0.3 Ala Oa 
0.2 Fea Os 
0.3 Ala Os 
0.1 Fe« Os 
0.4 Ala Os 
0.05 Fea Os 
0.45 Ala Os 

0.5 Ala Os 
0.5 Ala Os 
0.6 Ala Os 



j 3.60 Si Oa 
( 0.40 Ba Os 

{3.65 Si Oa 
0.35 Ba Os 
{3.70 Si Oa 
0.30 Ba Os 
r 3.75 Si Oa 
\ 0.25 Ba Os 
r 3.80 Si Oa 
I O.20 Ba Os 
r 3.85 Si Oa 
I 0.15 Ba Os 
r 3.90 Si Oa 
\ O.IO Ba Os 
r 3.95 Si O;, 
I 0.05 Ba Os 

J 4 Si Oa 
J 4 Si Oa 
J 4 Si Oa 



4 Si Oa 



5 Si Oa 



6 Si Oa 



Fusion 
Point 
Cent. 

990 



1010 



1030 



1050 



1070 



1090 



1110 



1130 



1150 



1170 



1190 



1210 



1230 



1250 



Fusion 
Point 
Fahr. 

1814 



1850 



18£0 



1922 



195S 



1994 



203a 



206^ 



2102 



2138 



2174 



221(y 



2246 



2282 
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No. OF 

Cone. 


Composition. 


7 


0.3 Ka O 
0.7 Ca O 


. 0.7 Al, Os 

• 


8 


0.3 Kg 0» 
0.7 Ca O 


- 0.8 Ala Oa 


9 


0.3 K. O 
0.7 Ca O 


. 0.9 Ala Oa 


10 


0.3 Ka ' 
0.7 Ca ; 


. 1.0 Ala 0, 


11 


0.3 K, O 
0.7 Ca 


- 1.2 Ala Oa 


12 


0.3 Ka O ^ 
0.7 Ca O 


. 1.4 Ala Os 


13 


0.3 Ka O ' 
0.7 Ca 


. 1.6 Ala Oa 


14 


0.3 Ka ' 
0.7 Ca 


. 1.8 Ala Os 


15 


0.3 Ka 
0.7 Ca 


. 2.1 Ala Os 


16 


0.3 Ka O ' 
0.7 Ca 


. 2.4 Ala Os 


17 


0.3 Ka O 
0.7 Ca O 


. 2.7 Ala Os 


18 


0.3 Ka O ^ 
0.7 Ca O 


. 3.1 Ala Os 


19 


0.3 Ka 
0.7 Ca O 


. 3.5 Ala Os 


20 


0.3 Ka 
0.7 Ca O 


. 3.9 Ala Os 



Fusion 
Point 
Cent. 



Fusion 
Point 
Fahr. 



7 SI Oa 



8 SI Oa 



9 Si Oa 



10 SI Oa 



12 Si Oa 



1270 2818 



1290 2354 



1310 2390 



1330 2426 



1350 2462 



14 SI Oa 1370 2498 



16 Si Oa 1390 2534 



18 Si Oa 1410 2570 



21 Si Oa, 1430 2606 



24 Si Oa 1450 2642 



27 Si Oa 1470 2678 



31 Si Oa 1490 2714 



35 Si Oa 1510 2750 



39 Si Oa 1530 27S6 



I 



-0fVJ^stAi^..i2ifT^s*ioy -p-'-ZAJs: 



inr 



ilO 



380 



;(MMK. 



asxT 



.i« ■ I- 



'AW 


:07^ 


-r!7» 


:rLtf 


7^0 


:r4« 


-::t> 


:i3!«t. 


rrn 


:2l2f- 


■-7:i«> 


.254^ 


"51U 


:2SM» 


H30 


*4C!» 


■HW 


:3aaL 



71^^ hfir^r^: yf tiPSif>^ >^Tnxai4is- j*- "liar ~ae •■tiiue^ 
tfA .r^w^f > .^i»^ rw> iW>Kllr. -tio>*«^ MiH-ii^ iraii-ii »^ifc- 

fn ;»^M»1 ivw» rhp!7 ^t^^ pi»pftft in fie kilTi an %. ] 
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wliere they can be watched through a peep-hole but 
at the same time will not receive the direet touch of 
the flame from the fueL It is always well to put two 
or more cones in the kiln so that warning can be had 
not only of the approach of the desired teuiperature 
but also of the rapidity with which the temperature 
is rising. 

In order to deterniiue the temperature of a kiln sev- 
eral cones of separated numbers are put in, as for ex. 
.07, Ij and 5. Suppose .07 and 1 are bent over in hnrn- 
ng but 5 is not aflfected, then the temperatui-e of the 
kiln was between one and live; the next time 2^ 3, and 
■1 are put in, and 2 and 3 may be fused but 4 remain 
unaffected, indicating that the temperature reached 
the fusing point of three. 

These pyramidn have been much used by foregin 
maBTifacturers of clay products and are coming into 
use in the United States, Numbers ,01 to 10 can be 
obtained for one cent each from Prof. E. Ortou, Jr., 
Ohio State University, Columbus, Ohio, 

It is rather difficult to compare the thermo-electric 
pyrometer with Heger pyramids and say that either 
one or the other is l)etter. Tlie latter are well adapted 
to judge the completion of the burning. That is it 
may take the same amount of heat to burn a certain 
ware to the proper condition, as it does to bend over 
cone 5,so that when the latter goes over the burning is 
done. 

The cones do not however show whether the temper- 
ature of the kiln is r'sing steadily or fast at one time 
and slow at anothepj or again whether or not it may 
have dropped temporarily. 

All of these last mentioned conditions a^e shown by 
the thermo-electric pyrometer, and a comparison of 
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^{\\\\\U\mm during burning, with tlie results obtained, 
UiHt l^^»'t '^* ^ diJ^covery of tliose conditioiis that will 



flHEMICAL EFFECTS OF HEATING. 

U lilU' Uh* fusion of a clay maj be looked npoB in 
|uHl M* a iheniical action^ tliere are otlier changes 
Willi ti fiike place in the clay l>efore the temperature 
lif timion i« reached. These changes are: 

TIj*' <1 riving off of the chemically combined water. 

Tfr<' burning of the organic matter* 

'I'lur I'hange of limonite to hematite by the loss of 
Mm rofubined water. 

H*lm oxidization of pyrite to sulphate which by 
fnvlhi*!- heating loses its sulplinr and is also converted 
\uUp hematite. 

TIj** driving off of carbonic acid from any carbonates 
of lime or magnesia which may be present* 

The general effect of these changes is first to make 
till! clay more porous^ but subsequently to increase its 
*/hrlnkage, and in addition tlie color of the clay is 
changed. 

A chemical interaction between the components of 
the clay only begins with incipient fusion. 

SLAKING, 

Clays, when thrown into water^ break np more or 
lews completely, or in other Mords^ they slake. The 
process is simply one of mechanical disintegration^ 
whichj however^ has imi>oitant practical bearings. 
Borne 'homogeneous clays on being immersed split into 
a number of angular fragments, while others flake off 
into scaly particles, while still others crumble down to 
a powder. This slaking action proceeds slowly or 



PHYSICAL PROPERTIES OF CLAYS. 39 

quickly depending on the toughness or density of the 
clay. Some clays slake completely in two or three 
minuteSj while othei*s may be little effected by an 
immersion in water of an hour or two. 

The practical imiK>rtance of slaking U noticed first 
in the case of clays which have to be waslied for mark- 
eting^ for the quicker they fall apaH when they are 
thrown into water, tlie more rapid and souxetimes the 
more thoroughly will be the elimination of the impuri- 
ties. 

In the tempering the easy slaking of a clay is also 
of importance, permitting it to be more easily broken 
up and the more thoroughly mixed with water. 

ABSORPTION- 

This Taries with the amount of organic matter^ fer- 
ric hydrate, and the porosity of a clay^ and increases 
with all three. As has already been stated the more 
water a clay absorbs the more it has to give off in dry- 
ing and the more difficult it is, especially in the case 
of fine grained clays, to avoid cracking. 

COLOB OF UNBURNED CLAYS. 

Ferric oxide and organic matter are the two great 
coloring agents of the raw clay. Organic matter gen- 
erally colors a clay gray^ bluish gray, or black, while 
iron according to the condition of the oxide^ or the 
presence of carbonate, may impart a red, yellow 
brown^ or sometimes a gray color. 

For any given amount of organic matter or ferric 
oxide, the coloration will be much more intense the 
more sandy the clay. ^ 

In general it may be said that, organic matter ex- 
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cepted, the purer clays are usually light colored, while 
the impure oses are yellow, red, or brown. 

Organic matter however, frequently masks the iron 
coloration, and makes it often difficult 
to determine the refractory nature of 
the material. Soma clay^s which bum 
perfectly white may be colored black by organic 
matter as in the case of the sand clay from Pegram, 
Ferrous compounds not infrequently impart a gray or 
bluish tint to clay, and at times the lower part of a 
clay bed may be gray while the upper portion is yellow 
or red, due to the oxidation of the iron contained in it, 

THE MINERALOGY OF CLAYS. 

Most clays are so fine grained that it is impossible 
to determine the mineral coui^tituents with the naked 
eye, and their rec*ognition even microscopically, is 
sometimes a matter of diflfculty. At the same time 
however, there are certain mineralSj which are either 
pre*»ent in all clays or are to be found in a great many 
of them, and these will be mentioned in the order of 
their abundance. 



KAOLINITE. 

The mineral kaolinite is looked upon as the base of 
all clays, and while it is not wanting so far as we know 
in any of them, nevertheless, it is not as abundant as 
we have been apt to consider it, nor are the charact- 
eristic properties of clay wholly due to it. 

Kaolinite, whose formula is Al^Og, SSiO^, SH^O, or 
silica 46.3 per cent, alumina 39,8 per cent, water 13<9 
per cent is a white scaly mineral crystallizing in the 
monoclinic system, the crystals presenting the form 
of small hexagonal plates. Its specific gravity is 2.2 
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to 2.6 and its hardness is 2 to 24. It is naturally 
white in color and plai^tic when wet bnt very slightly 
so. The microscope shows the kaolinite to be collect- 
ed in little bunches which can be broken apart by 
grinding and thereby increasing the plasticity-* 

Kaolinite is nearly infusible bnt a slight addition of 
fusible impurities lowers its refractoriness. A mass 
of kaolinite is called kaolin^ and pure kaolin is practi- 
cally unknown. 

Many kaolins contain very minute scales of white 
micaj which under the microscope are hardly distin- 
gnishable from kaolinite. It is not to be inferred that 
kaolinite always occurs in hexagonal plates^ for in 
some clays scales of six sided outline are almost want- 
ing. 

QUARTZ. 

This mineral is present in sedimentary clays most* 
ly in the form of rounded grains^ and sometimes in 
crystals, while in residual clays the particles are most 
commonly angular. It is an extremely liard mineral ^ 
which will scratch glass and possesses a shell l^ke or 
conchoidal fracture, it is practically not attacked by 
the common acidsi, but is afifeeted by alkaline solu- 
tions. This is one of the few mineral components of 
clay whichj at times, occurs in grains of sufficient size 
to he recognized by the unaided eye* It may he color- 
less but the surface of the grain is not infrequently 
stained by a th-n film of iron oxide. Feldspar might 
be mistaken for it, but the latter will not scratch 
glass. 

Flint or non-crystal line silica is sometimes present 
in clays. It usually has a muddy color and a con- 
choidal fracture* 



•G, B. Cook, ClaF8 ol Hew Jer^eri Ueok^gififtl Barvtr, 1871. 
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Bolk «|iiftrt£ aad dint mie infaAle mt verj li%li 
tiMperarcrM bat ilie pmaire of oCkCT ninetals maj 
flcrtir t0 llirx Utem. Qnartx tends to ^imluMdi the 
nfcrinkair^ of the claj, and If wanting it has ta be 
ail^l^^J daring the ptoeem of mannfictiire. Its addi* 
tiom aim u?iids to d«Ka«e the plasdcitj. 

CAICTTE, 

Thin miDeral m-hich is carbonate of lime^ effervesces 
wh^i moiinenefl with mniTatTc acid, so that its pres- 
earn in day maj often be detected bj the addition of 
tbfa ebemfcal. Caldte is a »oft mineral and ocenrs in 
the etaj^ either in the form of little rhombohedral or 
powdery particles. Clays, which contain a large 
arnotirjl of it in finely divided condition, are 
HnU\ to tw? marly^ and in some day deposits 
ctTtam layers may contain a larger percent- 
si^fi of caHwnate of lime than others. Tlie 
vhrlHnmUi of lime found in clays may be derired 
froni particies of limestone ir the day if it is a sedi- 
iiieniary oiii% or from the decomposition of lime-soda 
ff Iflsfjar in the case of either sedimentary or residual 
di*|HmitH. i'ercolating water may also introduce it 
into the day. 



GYPSUM. 



4 



Oypsum or the sulphate of lime is found in clay in i 

the form of grains, needles, well developed crystals, j 

or lamellar mOBses. It is so much softer than ealcite : 

that it tan he scratched by the finger nail, often has a H 

l)early lustre^ is transparent, and does not efferve^^ce " 
when arid is poured on it In hard burned brick gyp- 
sum siDiply acts as a flux, but in lightly burned ones 
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it gives rise to soluble sulphates which cause efflores* 

cence. 

MICA. 

This mineral can be frequently detected by the nak- 
ed eye, owing to iti? high lustre, even when it is present 
in the form cf very minute scales. It is seldom absent 
in clays and is usually found to an appreciable extent 
in eyen the best kaolins, for on account of its scaly 
nature and ligbtuesSj it remains suspended in water 
for a long while and is consequently very hard to re- 
move by washing; small amounts of white mica are 
rarely injurious. 

Mica is usually found in those clays which have been 
derived from the breaking down of igneous or meta- 
morphic rocks^ such as gi*anites.j gneisses or schists, 
and two species are recognized in clay, i. e. biotite and 
museovite. The former is a complex silicate of iron, 
magnesia^ and alumina, and occurs as six sided plates 
or irregular scfies usually of a dark colon As it easi- 
ly decomposes with the formation of iron oxide^ it is 
not so apt to be found in clays as the muscovlte, which 
is more resistant to weathering. The muscovite is 
sometimes called potash mica, although it also con- 
tains a small amount of iron and magnesia; it is of 
silvery white or light brown color. 

Mica decreases the plasticty of clay, and tends to 
make it flaky when wet, if in a finely divided condition. 

White mica tends to increasae the refractoriness of a 
clay^ and to exert vei*y little fluxing action^ even at 
moderately high temperatures. 



IRON OXIDE, 



I This, next to quartz, is perhaps the commonest min- 
I eral impurity of clay. It occurs as earthy grains, as 
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metallic seales or as a superficial coating on other 
mineral grains found in the day. It dissr^lveB quietly 
in muriatic add. Iron may also occur in the day as 
a constituent element of many silicates, and indeed 
the effect which it produces may be caused not so 
much by the actual amount of iron oxide which is 
present, but by the condition wTiich ^t is in* 

Iron oxide is very apt to form concretions in the 
clayj and these concretions wliich generally have a 
shell'like structure, vary in diameter commonly from 
a fraction of an inch to several in dies, Siderite, the 
carbonate of iron, whidi is alsc» to be found in many 
days, likewise forms concretions or opaque rounded 
niasseSj w^hich effervesce on the addition of warm 
muriatic add. The exterior of these siderite concre- 
tions is not unfrequently altered to limonitej the 
brown or yellowish hydra te<l oxide of iron. Such cou- 
cretions are hard and rock-like in their nature^ and 
either have to be separated by screening the day be- 
fore usSng, or crushed by passing the day betw^een 
rolls. 

PYRITE, 

This mineral is a compound of iron and sulphur^ 
and the grains of it are easily recognized by their 
metallic lustre and their yellow color. It is a very 
common constituent of many fire clays, and occurs 
either in the form of small grains or concretionary 
masses of yellow crystals. Its bright metallic surface 
will ser^^e to distinguish U from limonite whieb has a 
dirty appearance. 

DOLOMITE. 

This is a double carbonate of lime and magnesia^ 
and may occur in a clay in the same form as calcite, 
and the effect of it is practically the same. 
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METHODS EMPLOYED IN MAKING CLAY 
ANALYSES.* 



statement 



methods 



The following b 
ployed in making the analyses of clays for this report 
has been prepared by Dr, Charles Baskervilk, by 
whom the analyses were made : 

Moisture — Two gi'ams are heateii in a platinum 
crucible at 100^ C. until they show a constant weight. 
The loss is reported as moisture. 

Loss on I fruition- (combined water^ and sometimes 
organic matter, ete.)-^The crucible and clay are 
heated with a blast lamp until there is no further loa^ 
in w eiglit, 

AlkaUe.s — This mme portion of cloy, which has 
been used for determining moisture and loss, is treat* 
ed with concentrated sulphuric and hydroflooric acids 
until it is completely decomposed. The acids are 
evaporated off by heating upon the sand-bath. The 
cooled crucible is washed out with boiling water to 
which several drops of hydrochloric acid have been 
added. The solution after being made up to about 
five hundred cubic centimetres is boiled, one-half 
gram ammonia oxalaite added and made alkaline with 
ammonium hydroxide; the boiling is continued until 
but a faint odor of ainuionia remains. The precipitate 
is allowed to settle and is separated from the liquid 
by filfleiring and washed three !bimes with bailing 
water. The filtrate is evaporated to dryness and ignit- 
ed to drive oflf ammonia salts. The residue is treated 
with five cubic centimetres of boiling water, two or 
three cubic centimetres of saturated ammonium car- 
bonate solution are added and the whole is filtered 
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1897. 



•neptinted from Bulletin No. 13, North Carolina GwlOffical Surr«TT 
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into a weighed eraeible or cUrIu The precipitate is 
washed three or four times with boiliiif; water and the 
filtrate evaporated to dryness. Five drops of sul- 
phuric acid ere added to the residue, and then the cru- 
cible or dinh in brought to a hot heat, cooled in a des- 
icator, and the alkalies are weighed as a sulphate. 

To separate the alkalies, the sulphates are dissolved 
in hot watefj acidified with hydrochloric acid^ suffi- 
cient platinum chloride added to convert both sodium 
and potaBSum salts into double chlorides; the liquid 
is evaporated to a syrup upon a water-bath, eight 
per ceot alchohol added, and filtered through a Gooch 
crucible or upon a tared filter paper. The precipitate 
is thoroughly washed with eighty per cent, alcohol^ 
dried at 100'' C< and w^eighed; the potassium oxide is 
calculated from the double chloride of potassiuui and 
platinum. 

When magnesium was present to as much as one- 
half of one per cent, the magnesium hydroxide was 
precipitated with barium hydroxide solution and the 
barium in turn removed by ammonium carbonate. 
When the amount of magnesium was less than the 
amount nametlj this portion of the ordinary process 
was not regarded as necessai'y. 

Silica — ^Two grams of clay are mixed with ten 
grams of sodiuDi carbonate and one-half gram of pot- 
assium nitrate and brought to a calm fusion in a plati- 
num crucible over the blast lamp. The melt removed 
from the crucible is treated with an excess of hydro- 
chloric acid and evai>o rated in a casserole to dryness 
upon a water-bath, and heated in an air-bath at 110° 
C until all the hydrochloric acid is driven ofi:'. Dilute 
hydrochloric acid is added to the casserole noWj and 
the solution brought to boiling and rapidly filtered- 
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The silica m washed thoroughly with boiling water 
and then ignit-<?d in a platiuimi crucible, weighed^ and 
moistened with concentrated sulphuric acid. Hydro- 
floiit)ric acid is cautiously added until all the silica has 
disappeared. The solution is evaporated to dryness 
upon a sand-bath, ignited and weighed. The differ- 
ence in weight is silica. 

Iron Sesquiomdc — The filtrate from the silic*a m 
divided into equal portions. To one portion in a reduc- 
ing flask is added metallic zinc and sulphuric acid. 
After reduction and filtration to free the liquid from 
undissolved zinc and carbon, the iron is determined 
by titration with a standard solution of potassium 
permanganate. 

Aluminium 0.rufe- -To the second portion, which 
must be brought to boiling, ammonium hydroxide is 
added in slight excess, the boiling continued from two 
to five mi nuts, the precipitate allowed to settle and 
then caught upon the filter^ all of the chlorides being 
washed out with boiling water. The precipitate is 
ignited and weighted as a mixture of aluminium oxide 
and iron sesquioxide. The amount of iron sesquioxide 
already found is taken from this and the remainder 
reported as alumina. 

Calcium Oxide — The filtrate from the precipitate 
of iron and aluminium hydroxides is concentrated to 
about two hundred cubic centimetres, and the calcium 
precipitated in a hot solution by adding one gram of 
ammonium oxalate. The precipitate is allowed to 
settle during twelve hours, filtered and washed wdth 
hot water, ignited and weighed as calcium oxide. 
When the calcium is present in notable amounts, the 
oxide is converted into the sulphate and weighed as 
such. 

Magnesium Owidc — The filtrate f^om the calcium 
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oxalate precipitate is concentrated to about one hund- 
red cubic centimetres^ cooled, and tlie magnesium pre- 
cipitated by means of hydrogen disodium phosphate 
in a strongly alkaline solution^ made so by adding ten 
cubic centimetres of ammonium hydroxide (0.90 sp, 
gr). The magnesium ammonium phosphate, after 
standing over night, m caught upon an ashless filter, 
washed with water containing at least fire per cent, 
ammonium hydroxidcj burned and weighetl as mag- 
nesium pyrophosphate. 

The insoliihle residue is determined hy dige^^ting 
two grams of clay with twenty cubic centiments of 
dilute sulphuric acid for six or eight hours on a sand- 
bath, the excess of acid being finally driven off. One 
cubic centimetre of concentrated hydrochloride acid 
is now added and boiling water. The insoluble por- 
tion is filtered off, and after being tlioroughly washed 
with boiling wat*?r is digested in fifteen cubic centi- 
metres of boiling sodium hydroxide of ten per cent. 
strenth. Twenty- five cubic centimetres of hot water 
are added and the solution filtered through the same 
filter paper, the residue being washetl five or six times 
witli boiling water* The residue is now treated with 
hydrochloric acid in the same manner and washed uji- 
on the filter paper^ and free from liydrochlox'c acid, 
is burne^l and weighed as insoluble residue. 

A portion of this is treated as the original clay for 
silica, aluminium oxide and iron oxide. Another por- 
tion is used for the determination of the alkalies in 
the insoluble residue. 

Titanic O^rirfe— One-half gram of clay is fused with 
five grams potassium b^ sulphate and one gram sodium 
finoride in a spacious platinum crucible. The melt is 
dissolved in five per cent, sulphuric acid. Hydrogen 
dioxide is added to an aliquot part and the tint com- 
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pared with that obtained from a standard of t'tanium 
sulphate. 

Sulphur (total present) — ^The sulphur is deter- 
mined bj fusing one-half gram of clay with a mixture 
of sodium carbonate, Ave parts, and potassium nit- 
rate^ one part The melt is brtmght into solution with 
hydrochloric acid. TIjc silica in separated by evapora- 
tion^ heating, resolution, and subsequent filtration. 
Hydrochloric acid is added to the filtrate to at least 
flye per cent, and the sulphuric acid is precipitated 
by adding bariuiii cliloride in sufficient excesK^ all solu- 
tions being boiling hut. The barium sulphate is filt- 
ered ofif and washed with hot water, burned and weigh- 
ed as such. 

Ferrous Oojide—is determined by fusing one-half 
gram of clay with five grams sodium carbonate, the 
clay being well covered with the carbonate, the top be- 
ing upon the crucible. The melt is dissolved in a mix- 
ture of dilute hydrochloric and sulphuric acids in an 
atmosphere of carbon dioxide. The ferrous iron is 
determined at once by titration with a standard pot- 
assium permanganate solution. 

The ratiofial anal y sis is made from the results ob- 
tained by the chemical analysis in the following way : 
The alumina found in the portion insoluble in sul- 
phuric acid and sodium hydroxide is multiplied by 
3.51. This factor lias been found to represent the 
average ratio between alumina and silica in orthuelase 
feldspar; therefore the product just obtained would 
represent the amount of silica that would be present 
in undecom posed feldspar. The sum of this silica with 
the alumina, ferric oxide and alkalies equals the 
'^feldspathic detritus.'- The difference between silica 
as calculated for feldspar and the total silica in the 
insoluble portion represents the "quartz" or "free 
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sand/- The difference between tliat port inn of the 
i^aiiiple insoluble in siilphiirir arid and sodium 
hydroxide and the tatal repre^sents the "clay sub- 
stance.'- The method of analysis used to detrmine 
the mineralo*cical character of the clay is called the 
ratifiHfil inethiJdj and when carried out in itti simplest 
form, determines the amount of clay substance or 
kanlinite, quartz, and feldspar present "n the clay* If 
carried out more completelv, it enables u^ to calculate 
the amount of calcite or limeBtone (calcium t-arbon- ^ 
ate}' iron oxide and even mica in the clay. 

THE llATIONAL ANALYSIS OF CLAY. 

The rational analysis of day consists in resolving 
the clay into its mineralo^jcal elements, thus giving 
a clue to its physical as well as its chemical properties. 
It is often utilized by manufacturers of porcelain and 
other high grades of ware as a guide in the compound- 
ing of their mixtures* 

The ordinary quantitative or ultimate analysis 
regards the clay as a mixture of oxide of the elements, 
although they may be present in entirely different 
eombinationSj such as silicates, carbonates, hydrates, 
sulphates, etc. This condition of combination is im- 
portant for it makes a difference in the behavior of 
the clay. Thus for instance^ if silica is pres*?nt in the 
form of quartz it will decrease the shrinkage and also 
increase the refractoriness up to a certain point, but 
if present as a component element of feldspar it serves 
as a flux and also increases the plasticity somewhat* 

It is not intended though that the rational analysis 
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shall fully supplant the ultimate one for eacli serves 
its own purpose. 

The ultimate analysis may be used to supply in- 
formation on the following points. 

1. The purity of the clay, by showing the propor- 
tions of silica, alumina^ combined water and fluxing 
impurities. 

2. From the ultimate analysis we can form a gen- 
eral idea regarding the refractoriness of the clay, for, 
other things being equal the greater the total sum of . 
the fluxing impurities, the more fusible the clay. 

3. The color to which the clay burns may also be 
judged approximately for the greater the amount of 
iron in the clay the deeper red will it burn, provided 
the iron oxide is evenly distributed, and there is 
not an excess of lime in the clay. If the proportion of 
iron to lime is as 1; 3, then a buff product results, 
l^rovided the clay is only heated to incipient fusion or 
vitrification. The above conditions will be affected 
by a reducing atmosphere in burning or of sulphur in 
the fire gases. 

4. Clays with a large amount of combined water 
sometimes exhibit a tendency to crack in burning. 
This combined water would be shown in the ultimate 
analysis. 

5. A large excess of silica would indicate a sandy 
clay. 

The connection between refractoriness and chemical 
composition may be illustrated by the following 
analysis. 
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The following analyaet? indicate this fact i 

12 3 

Per cent. Per cent* Per cent 

SlOa--.. , .,., 4T,20 69.50 54.»0 

AlaOfi , . . 36,50 13.00 18.03 

l^esOa _, 2.60 6.40 03 

CaO...* _. tr. .25 2.8S 

MgO tr. tr. 1.10 

Alkalfes ...... ... tr. 3.40 

fTflO 13,35 6.70 6.90 

MoiBture _ .50 3,40 3.17 

Total rtuxea ... 2.56 6.65 13.41 

l'lfl<>osUy or fusion point. Above 2700 2300 1000 

1. Chalk BJuff. Marion Co,, Alft., U. S, GeoL S^m IStli Ann. Stp., Pftrt V. 
(cooti»uedl, p, lIM. 
1. FerQbaiik, Latuar Co . Ala. IWcf. 
3. Norborne, Mo, Mq. 6eoL Surv.. XI. Aftn. J?pp. 

This is practically the fpll extent to which the ulti- 
mate analysis can be used ; and there still remain 
to be explained a number of physical facta concerning 
any clay which happens to be under consideration. 

It frequently happens that two clays approach each 
other quite closely in their ultimate composition^ and 
still exhibit an entirely different behavior when burn- 
ed. The explanation which most quickly suggests it- 
self is, that the elements present in the two clays are 
differently combined. Some method of resolving the 
clay into it^ mineral components, so as to indicate the 
condition in which the elements are present is there- 
fore practically needed* 

Ab kaolinite results from the decomposition of feld- 
spar, the kaolin m quite sure to contain some unde- 
composed feldspar^ and also some quartz, and (in 
smaller amounts) mica^ sincfe the two latter minerals 
are common associates of the feldspar. 

Ifj now^, we know the amount of feldspar^ quartz 
and kaolinite or elay-substance in the kaolin, and the 
effect of these individual minerals, wx can form a far 
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better opinion of the probable behavior of the clay in 
burning. 

When mica is present, it ^*s dissolved out with the 
kaolinite and reckoned in as clay-substance, but it is 
rarely present in large amounts, and may perhaps 
alter the character of the clay-substance but little, for 
finely ground white mica possesses plasticity, and can 
be formed and dried without cracking. It is more re- 
fractory than feldspar, and holds its form up to 
1400° C* 

In the following table are given the ultimate and 
rational analyses of a number of kaolins, which show 
how a constancy of ultimate composition may be ac- 
companied by variations in the rational analysis : 



* G. Vogi, CA/m. News, 1890, p. 815. 
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From this table a number of interesting conclusions 
may be drawn. Columns 1 and 2 represent two liaj^s 
whicli agree verj closelT in their ultimate eoinposi- 
tion; hut in the rational analysis there is a difference 
of 6 per cent, in the clay-substance, 12 per cent, in 
quartZj and nearly 19 per cent, in the feldspar. Noa 
3 and 5 and 10 and 12 also illustrate this point. 

In Nos. 6 and 7, one a German^ and the other a 
North Carolina kaoliuj the ultimate analyses are very 
closely alike, and the rational analyses also agree very 
well. This is frequently the ease, when the clay-sub- 
stance IB very high, between 9ti and 100 per cent.^ as in 
tlCos. 9 and 11. 

'A third case would be presenttMi if the rational an- 
alyses agreed, but the ulti mates did not Such in- 
stances^ however, setnn to be much less commou* 

The practical value of the rational analysiK bears 
chiefly uikju those branches of the clay-working in- 
dustryj such as manufacture of porcelain, white earth- 
enware, tire-brick and glasspots, whicli use materials 
with ciuuparatively few fusible impurities (iron, lime, 
nmgnesia). 

There m much concerning clays which sxtll remains 
unexplained, but it seems probable that, otlier things 
being equal, two clays having the same rational com- 
position will behave alike. 

We can illustrate this point by the follownig tests 
made on washed kaolins from the yicinity of Senne- 
witZj near Halle^ tiermany. Fro in the figures given 
l>elow, it will be noticed that in the case of Nos. 1 and 
2 there is a close agreement in the shrinkage, which 
amounted to abtmt 10 per cent, when the clay was 
heated up to the temperature of a hard-porceclain 
kiln. In Ncm. 3 and 4 the shrinkage is very nearly the 
sam€*, but greater than in Ntjs. 1 and 2, because the 
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rational composition lias rhangptl, there being a mark- 
ed increase In the amount of feldspar. 

If thiTe hrnl liecni nmf*h d!ff(*renre in the size of the 
claj- particles fjf Noi** 3 and 4 (*r Xos. 1 and 2, the 
sbrjnkage in eacJi case wtmld probably have l>een dif* 
ferent. 

Table II. — lintional Analysis and Hhrmkage of Clatf^. 
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8.25 


3&J9 


56.00 


0,30 
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The degree of flneneiMa of the clay-particles, and per- 
hapK their Hhape also, probably exert more influence 
on the Rhrlnkagf* than \ms been imagined, but just how 
far thirt niakcH itHc*!f felt is still undetermined. 

Aft an illustration of the practical use of the rational 
analymn we may take the following: 

Suppose that we are ufiing for the manufacture of 
porcelain or fire-brick a kaolin which has 67.82 per 
cent, of clay mib»tance, 30,9^ of quartz, and 1,25 of 
feld<^par, and that to 100 parts of this is added 50 
partB of feldspar. This w^ould give us a mixture of 
45.21 per cent, of clay substance, 20*62 of quartz, and 
34.17 of feldspar. 

If now for the clay we had been using, w^e substitu- 
ted one with 66.33 per cent, of clay -substance, 15,61 
of quartz, and 18.91 of feldspar, and made no other 
changes, the mixture w^onld then contain 44.22 i>er 
cent, of clay -substance, 10.41 of quartz and 45,98 of 
feldspar. 

This last mixture shows such an increase in feldspar 
that it must give mucTi greater shrinkage and fusibib 
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itj; but knowing the rational analysis of the new 
clay^ it would be ea#y* to add quartz or feldspar so as 
to bring the mixture back to its normal composition. 

The application of the method of rational analysis 
to inipui^ clays is not quite as satisfactory, but at the 
same time not as necessary. In the treatment, the 
iron, if present as oxide, and lime or magnesia, if car- 
banoteSj are dissolved out with the elay-subs^tance. 
The silicate minerals are grouped with the feldspar, 
and the clay thus becomes divided into elaysubstanee 
(kaolinite, ferric oxide, lime and magnesia carbon- 
ates), feldspar or feldspathic detritus; and quartz. 
If the percentage of ferric oxide and carbonates is 
high, it is necessary to determine them separately m 
the ultimate analysis. 

In making a rational analysis, the clay is treated 
wdth strong sulphuric acid^ ivhich decom]>oses the kao- 
lin into sulphate of alumina aud hydrous silica. The 
former is soluble in water, while the latter is removed 
with caustic soda, and we get an insoluble residue con^ 
sisting of quartz and feldspar. In this residue the 
alumina is determined aud the feldspar calculated. 

Another w^ay of conducting the rational analysis, 
and one which is chiefly applicable w hen the clay con- 
tains other minerals besides the kaolin^ quartz and 
feldspar, such as carbonate of lime, ferric oxide, or 
mica J consists in analysing the insoluble residue and 
calculating the mineral percentages from this. 

THE CLASSIFICATION OF CLAYS. 



As it is possible to find eyery gradation from the 
purest to the most impure clays any classification that 
is attempted, will necessarily be more or less unsatis- 
factory. It is of course possible primarily to make 
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two great divisons L e residual and Bedimentary, and 
to these might perhaps be added a third dasB of clays, 
namely, those fornied by elieuiical precipitation. Un- 
der each of the tirst two cUibscb, it would be possible 
again to find every gradation from pure to impure- 

It is nut possible to make any classification based 
upon the practical applicatiaus of the materials, for 
Bome clays arc used for as many as four to five dif* 
ferent purxjoses, and it is probable that some classi- 
fication wliich simply recognizes four or five inii>ortant 
groups is probably the most satisfactory and the least 
confusing. Hill makes the following divisions :* 

China clays. 

Plastic, ball, pottery clays. 

Brick clays. 

Refractory or fire clays. 

He furthermore makes another table based on th£ 
origin of the clay as found in the United States: 



I 



1— WHITE BURNING CLAYS, 

1, Kock or residual kaolin, 

2, Indianite or Indiana kaolin. 

3, l^^lorida or sedimentary kaolins, 

4, White burninp" plastic clays. 

11— COLOR BURNING CLAYS. 

Mixed clavs — 

1. Brick clays, (Siliceous), 

2. Marly clajSj (Calcareous). 

3. Pink claysj (Ferruginous), 

2. Cement clayp, (Silico-calcirtous), 

5, Alum clays. 

Altered clays (shale and slate). 

♦IJ, S. Geol, Surrey, Minerftl JLesources, iaS3, 
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A elassiftcatioD which has been made by Beger^ the 
great German Ceramic Chemist, gives; 

1. Yelloic burning, containiiig lime aud iron* 

2. Red hurtuntj, non-aliimiuouSj feiTiiginnus clajSj 
which are free from lime. 

3- White and jfeUoiv burning. These clays are low 
both in liuu^aud iron. 

4, Whitr htiniliiif, low in iron and high in alumina. 
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RPOSPECTING FOR CLAYS, 



Clay deposits are best seen in those regions w'liere 
rivers and brooks have cut guIHes and ravines, the clay 
showing on the sidew of the cut In fejuch locations the 
thickness of the deposit and variation in its character 
vertically are well shown. Similar Rectiona are to be 
loookcHl for along railroads. Ab the beds are apt to 
wash down it is netcessary to clean the surface of the 
cut before taking any sample for testing, and even 
then great cai-e must be observefl to insure the sample 
being an average one. 

Apart from cuts the presence of clay can often be 
determined by the character of the vegetation^ the na- 
ture of the soil, or upturned tree roots. 

The ontcropping of clay in a ravine should not be 
depended on alone, but in addition borings should be 
made to detei'miued the depth and ext-etut of the de- 
posit, and persistance of the different layers if there 
is a variation in them. 

Shale often forms cliffs or steep slopes, at the base 
of whicli there may be a talus of partly weathered 
fvagmeiitH and Nof I day ; in fact the outcrop of a shale 
deposit may be (Hivered by the clay into which it has 
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slaked under the indtience of wealhering. In mmie 
l€»caJities thiB mellowed outcrop may be oulj a feir 
feet thick, bnt in many it is of i*nffieieiit volume to sup- 
ply a small brif t yard, without the necessity of at- 
tackJBg the fresh shale beneath, 

MIXING OF CLAYS*' 

Claysi, when soft and plastic, are mo«^tly dug with 
pick and shoTel, loaded on wheel-barrows, earts or cars 
and hauled to the works. If the deposit is broad and 
shallow the clay is usually dug at any eonveuiesit 
point; often any overlying sand or <>ther usel^s ma- 
terial has been first removed and used for filling in or 
fciome other purpose. 

If the bank is located on the hillside, and has con- 
siderable height, it is worked out in broad stepi^, the 
object of this being to prevent the bank from slidiupj 
in wet weather. 

When the Tiank is near the works, wheel-barrows or 
carts can be used to haul the clay, but far distances, 
t>ver 600 feet, it pays to lay tracks and use carSj haul- 
ed either by horse or steam power- 
Underground methods of mining are only used in 
case the amount of overlying material is very*p:eat. 
It is chiefly used for shale deposits. 

Steam shovels are employed for sandy clays or soft 
shales at some localities in the United States, but 
most shales are mined by blasting, and the fragments 
thus loosened are sent to the works. 

Where the clay is rough, and the face of the bank 
12 or 15 feet high, a plan often followed is to under- 
inioa it by picking at the base, and then inserting 
Ittge wooden wedges at the top. This brings down 

^ndi4o«i not iiieLsd« the mining of kaolin, whicli is Inuted separately. 
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a large mass at once, the fall serving to break it up. 
While effective, this method is often attended with 
danger. 

MINING OF KAOLIN. 

Kaolin is usually sufficiently soft in nature to be 
mined by means of the pick and shovel. In some por- 
. tions of the beds near Valley Head streaks of halloy- 
site are found in the clay, which are quite hard, but 
they are of such a limited extent as not to cause much 
extra trouble. If the deposit is deep, narrow, or in- 
-terbedded with other formations which are too thick 
to be removed by stripping, or if again the kaolin does 
not run regular in its composition, it is often advisable 
to follow the better portions of the bed, or the narrow 
vein if it is such, by means of shaft, levels, or slopes. 
These sometimes have to be timbered, at other times, 
as at Valley Head, they do not. 

In the case of deposits which are large and broad, 
it is most economical to operate them as quarry work- 
ings or open pits, digging out the material and loading 
it on the cars or wheel-barrows which convey it to 
the washing plant. If a pit is large and broad the 
sides, instead of being dug out vertically, should be 
left in benches to prevent the washing down of the 
bank. 

In North Carolina, where most of the kaolin depo- 
sits are vein formations whose depth is comparatively 
great as compared with their width, the method ad- 
opted is to sink a circular pit in the kaolin about 25 
feet in diameter. As the pit proceeds in depth it is 
lined with crib work of wood, and this lining is ex- 
tended to the full depth of the pit, which varies from 
50 to 100 or even 120 feet. When the bottom of the 
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* 
kaulin ha« Ik-cij n*arlif*d the flllin*r in of the pit is 
Ix^gTMi, the (rih work lemuved fnun the iMittoiii up- 
ward aft thi- filling procix^ds. If there is any OTerbur- 
den thi« is iiwed for tilling in the pit, and rb mmn as pit 
18 worked onr a new one ran Ik* Bunk in the i^me 
manner rif^ht next to it. In thin way the whole vein is 
worked ont, and if tlie ilepoeit is large, s^everal pits 
may be wnnk at tin* stanie time to increase the output 
of the mine:* 

Hydra nlir mining has been tried with some suceees 
in s<mie very sandy loose-grained kaolins, but it would 
not work in any of the depimits in Alabama, whieh the 
writer has thnn far exaniined. The method to state it 
briefly, couBista in washing the clay down into the 
hnttrnn of thi^ pit vvln*nee it is sneaked np by means of 
a pumii and diHehargf*^] into washing trough from the 
eonveying pipe, it beting wmetinies necossary to have 
a Hcrapt^r to stir <*r loom^n np the clay in order to per- 
mit its liei ng drawn up more easily. This is a cheap 
an^i rapid met lied where it can be em ployed, but most 
kaolins are too dens<* and not sandy enough to allow 
of its l>emg used, 

THE WASHING OF KAOLINS. 

As has already been stated^ most kaolins have to be 
washed befiire shipmentj and one of two methods may 
be employed, i. e. washing in tanks or trooghing. 
With the flr^^t method or that of washing in tanks, the 
kaolin is thrown into large circular tubs iilled with 
water^ in which it is stirred up by means of revolving 
arms and the clay lumps thereby disintegrated. By 
this treatment the fine kaolinite partielegs as w^ell as 
very fine grains of mica, feldspar, and quartz remain 

*F. Bi*F, Clay Depnsita and Claj Industry Id Kortb Caportitt BnJletfa No. 13, 
F. C. GeoL SuTT^i p. 51. 
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siiBpendecl in the Iiqiikl while the coarser grains set- 
tle on the bottom fif the tauk. The water with the 
suspended clay in tlien drawn off to the settling tauk.s, 

A modification of this eon^-^ists in the use of a large 
cylinder closed at hotli enils and set in a horizontal 
position; through tbis^ ejliuder passes an axis with 
iron arms^ the revolution of the latter servinfi: to break 
up the claj, w'liich is discharged through a hopper at 
the top. A current of water passes tbroiigb the cylinder 
and carries the tine clay particles with it while the 
coarse ones are left behind in the machine. The speed 
of tlie current has to be regulated by experiment, 
for if too much water is used coarse material 
will be washed out of the cylinder, and 
conyersely, if the cnrrent is too slow tlie clay 
will not yield a sufficient percentage of 
washed product. One objection to this api>aratus is 
that ifhas to be stopped from time to time to renioTC 
the coarse sand from the macliine. 

T"he method most commonly use<l at the presenr 
day for washing kaolin, is by trough ing and its geu- 
eral detail is a^ follows: 

As the kaolin comes from the mine it is generally 
dischargHl into a log washer, which consists of a semi- 
cylindrical trough in which there revolves a horizont- 
al axis, beiiring short arms. The action of these arms 
breaks up the kaolin more or less thoroughly, depend- 
ing on its density 5 and facilitates the subse^iuent wash- 
ing* The stream of w^ater directed into the log washer 
sweeps the kaolin and nif^st of the sand into tbe wash- 
ing trough, which is ah<mt 15 inches wide and 12 
inches deep. It may be wider and deeper if the kaolin 
is very sandy; in fact it should be. The t roughing is 
about 700 feet long, and to utilize the space thorough- 
ly ^ it is broken up into sections^ 50 feet to each is a 
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good len^*h, these being arranged paralleled, and 
connected at the ends, no fhat the water^ with sus- 
pended elaj, follows a zigzag course. 

This trough! ng has a slight piteh which is comraoD- 
ly about one Inth in twenty feet, but the amount of 
pitch deyiendn upon the kaolin, and whether the sand 
which it containH is tine or coarse If the kaolin is 
very fine, and settlen slowly, the pitch need not be s*> 
great and vice versa. A large quantity of very coarse 
i^odi in the kaolin is a nuisance as it clogs up the log 
washer, and iipf><^r end of the trough more quickly and 
causes so much more labor to keep them clean. As it 
is, considerable sand settles there, and, to keep the 
trough clear, sand wheels are used* These are wooden 
wheels bearing a number of iron scoops on their peri- 
phery, as the wheels revolve these scoops catch up a 
pf>rtion of the sand which has settled in the trough, 
and as c^ch s<*oop reaches the upper limit of its turn 
on the wheelj it^ by its inverted position, drops the 
sand outside of the trough. These sand wheels are an 
aid, but it is often necessary, in addition, to keep a 
man shoveling the sand from the trough. 

If the sand is finer it is not dropped so quickly, but 
is distributed more evenly along the trough^ and does 
not clog it up so fast 

The zigzag arrangement of the trougbing has been 
objected to by some^ as it produces irregularities in 
the current causing the sand to bank up in the corners 
at the bends, and also at certain points along the sides 
of the t roughing.* ^ 

The effect of this is to narrow the channel, and con- 
sequently to increase the velocity of the current, there- 
by causing the fine sand to be carried still further to- 



*E. Hotop, Tho[ii£kd&etri« Z&ita&fft B33, 
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ward the settling tank. This difflcultyj which is not 
often a serious one^ has been obviated either by hav- 
ing the troughing longer or by allowing the water and 
suspended elay, as they come from the log w^asher, to 
pass tlirongh a section of straight trough^ and from 
this into another one, of the same depth but five or 
six times the width, and divided by several longitu- 
dinal partitions. The water and the clay then pass 
into a third section, twice as wide as the second, and 
divided by twice the number of longitudinal divisions. 
By this means the water moves only in a straight 
course, bnt as it is being continually spread out over 
a wider space it flows with an ever decreasing velocity. 
By the time the water has reached the end of the 
trough! ngj nearly all of the coarse grains have been 
dropped and the water is ready to be led into the set- 
tling vats, but as a further and necessary precaution 
it is discharged on to a screen of one hundred meshes 
to the linear inch^ the object of this being to remove 
any coarsQ particles that might possibly reuiainj and 
also to eliminate sticks and other bits of floating dirt 
that are sure to find their way in. 

Two kinds of screens can be used, (1) stationary^ 
and.(2) revolving. 

The stationary screen is simply a frame with a cop 
per cloth and set at a slight angle. The water and sus- 
pended kaolin fall on the screen, and pass through. 
A slight improvement is to have two or three screens 
which overlap each other so that whatever does not 
get through the first will fall on the second. If the 
vegetable matter aud sticks are allowed to aceumn- 
latOj they stop up the screen, and prevent the kaolin 
from running through, consequently the stationai-y 
screens have to be closely watched; ■ 

The revolving screens are far better for they are 
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m4f cloning, Buch sereeim are barrel stiapcd, and the 
water, with the kaolin in HU^iienfiirm^ is di^-harged 
intothe interior and paEs^es^ imrward through the sei^^en 
eluth. An the ta^-reeii n^volTes^, ihe din caught is ear* 
lied iipwardK and finally dropi$; but iuBtead of falling 
down upon the other side of the 8t*reen, it falls npon a 
b^mrd, which diverts it out upon the ground. 

Tlie settling tanks, into which the kaolin and the 
water are di*R'harged, may be and often are about 
eif^ht feet wide by four feet deep, and fifty or more 
feet hing, Ab soon as one is fi^Ued the water is diverted 
into another. 

The larger a tank, the longer will it take to fill it, 
and a]l*)w the kaolin to settle, and delays due to this 
cause Ibem to be expensive, especially when the market 
takes the output of washed kaolin as soon as it is ready. 

gmal! tanks have the advantage of permitting the 
slip to dry more quickly, especially when the layer of 
clay is not very thick, and furthermore a small pit 
also takes less time to fill and empty, h^t one dis- 
advantage urged against a number of small tanks is 
that a thorougly average product is not obtained ow- 
ing to the thin layer of settlings and the small amount 
iii each. In addition to this a series of small tanks 
requires considerable room. 

The advantages c laimed for large tanks are that the 
clay can be discharged into any one for a considrable 
period, and, if the clay deposit varies in charaeterj the 
different grades get into one tank and a better average 
is thereby obtainefl. 

If the kaolin settles too slowly, alum is sometimes 
added to the water to hasten the deposition. \^Tien 
the kaolin is settled, most of the clear water is drawn 

off, and the (Team like mass of kaolin and water in the 
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bottom of the vat is drawn off by slip pumps and for- 
ced by these into the presses. , 

The presses consist simply of flat iron or wooden 
frames between which are flat canvas bags. These 
bags are connected by nipples with a supply tube from 
the slip pumps, and by means of the pressure from the 
pumps nearly all of the water is forced out of the 
kaolin and through the canvass. 

When all of the water possible, is squeezed out the 
press is opened and the sheets of semi-dry kaolin are 
taken out. It is then dried either on racks in the open 
air or in a heated room. 

, As for every ton of crude kaolin usually only about 
two-fitths or one fourth of a ton of washed kaolin is 
obtained, it is desirable to have the washing plant at 
the mines, for it avoids the hauling of 60 to 
70 per cent, of useless sand which has to be washed 
out before the kaolin can be lised or even placed on 
the market. 



IL 

GEOLOGICAL RELATIONS OF THE 
CLAYS OF ALABAMA. 

Bt Eugene A. Smith^ Ph, B. 



The basis of all dajs is kaolinite, €he hjdrated 
silicate of ahimina resulting from the chemical decom- 
position of alumina bearing minerals which occur as 
essential constituents of igneoos rocks. In this d-e- 
composition, as Dr. Eies has shown, the soluble con- 
stituents are leached out while the kaolinite remains 
, behind as an insoluble residuum^more or less mixed 
with the other nsoluble matters of the original 
minerals. 

In this form the elaj might he called a chemical 
clay, since it is the direct result of a chemical decom- 
position, haring undergone no further modification 
by being taken up, transported and redeposited. 

There is another form of residual clay which may 
he distinguished from the above, and that is the clay 
resulting from the decomposition of impure limestone. 
Naturally this variety is usually less free from foreign 
matters than the other. 

These residual clays taken up and redeposited by 
running waters are incorporated in the stratified de- 
posits of any later age. 

The clay deposits of the different geological form- 
nations of Alabama have each its well marked pecn- 
liarities^ and the geological formations are clearly de- 
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fined, 80 <that au account of the geological relations of 
tbeee clayg becomes a guide at once to the several va- 
rietiesj and to their geographical distribution. 



ARCHAEAN AND ALGONKIAK 

TheBe two formations include in Alabama all the 
crystalline rocks of both iguetiuB and sedimentary 
origin. It is generally acknowledged that kaolinite, 
which is the basis of all clays, lias its origin in the de- 
composition* of the mineralH composing the igneoiiB 
rocks, the chief kaolinita producing mineral being 
feldspar. It is* therefore, in the area of our crystalline 
or metamorphic rocks that we are to look for the origi- 
nal deposits of kaolinite. More especially^ it is the 
graniteSj the pegmatites or grapfiic granites j that occur 
the largest proportion of feldspar^ and consequently 
yield the largest proportion of kao]inite» and of the 
granites, thepegmatltes or graphic granites^ occurring 
in veins which traverse the other crystalline rock, are 
by far the most important in this respect 

The clays occurring in this form have been spoken 
of by Dr. Bies as vein clays, and they are^ as a rule, 
vei*j' slightly plastic^ for the reas^in that they have not 
been subjected to the comminuting processes neces- 
sai*y to develop the highest degree of plasticity, 

A belt of mica schists with frequent veins of peg- 
matite, extends from Cleburne county and adjacent 
part« of Eandolph, through Clay and Coosa into 
Chilton county^ and in numerous places, the dec*ay of 
the granite veins has given rise to the formation of 
depf>sit» o^ kaolinite. The other two constituents of 
these gi^auites, viz., rjuartz and mica, occur like the 
feldHpars in large masst^s, and tlius the places which 
produce mica iu large sheets are at the same time the 
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places where the kac^liuite is to be found. Below a 
certain depth from the surface the feldspar of these 
granitic veins has escajjed the action of the atmos- 
phere, and is in its original foniij while nearer the 
surface it has generally lieen t^mverted into kaolinite. 
It is evident that in all thcs*^ primary or original de- 
posits the kaoliuites mixed with the other and less 
destructible constituents of rthe granitCj viz., the 
qiiartss and the mit-a, and by coiiHequence all the 
kaolinite from such original deposits most be washed 
to free it from thesf* substances. When rfhe i^'anite 
or granitic rock contains comparatively little of iron- 
beiuing minerals the resulting: kaolinite will be cor- 
respondingly frtn:^ from iron stain and of pure white 
color, and thus suitable for the manufacture of the 
finer grades of stone ware or china. 

All the important deposits of this kind are, at the 
present time, at a distance from any railroad, and 
none of them have been de\eioped in a commercial 
^way. We have at hand very few analyses and ftests 
lade of these kaoliuites. A material of tb^^ kind 
*from near JLouina in Eandolph county was analyzed 
many years a^ by Dr. Mallett foi- Prof. Tuomey, 
Tvith the foUowinp^ result: 



Anaijmit of Km^liniitfr&m LoutT^s BandolJ^k Co, 

9ilk» ..„ ...,., » ...^ B7.2fl 

A^nminB .,.. ..31.92 

Ferric OxWe .,. »» ., trace 

Fotasb, Lime and Mfl^eBia..,...,.„„„ , ,.*.,..,..„* ^.. ,.....„. o. T2 

Water ..„ .T5.ra 

UudecoiDpoB^ Mineral ..., ^„ ,,....1128 

Prof. Tuomey remarks upon the absence of iron in 
this kaolinite as most favorable to iits use in making 
flne porcelain ware, and he predicts that wlien Ran- 
dolph iHumty lias communication by railroad with the 
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outside world, the oeciu'rence of porcelain clay in 
couiitj will bet'ome a mabter of economic importance. 

These pegmatite veins with their mica and kaoli- 
nite, are very numerous in the upper half of Randolph 
county, and also in the adjacent parts of Cleburne and 
Clay, and test pits have been sunk in hundreds of 
places to show jap both the kaolinite and the mica, Dr» 
Caldwell of the Elyton Land Company, had this kao- 
Unite thoroughly tested both as to its suitability foi: 
the manufacture of porcelain ware and as to its re- 
fractoi^ character. The pottery ware made from it 
came in competition with the best pottery w^ares in 
America and took a prize at the Art Institute Fair 
in Philadelphia^ in December, 1890, Brick made from 
it also was subjected to the highest temperature of 
the furance and was declared practically infusible. 
These deposits lie near Milnei, Pinetucky, Mieaville, 
in Randolph^ and n^tr Stone Hill^ Mr. Jas.'Denman's 
and other places in Cleburne, The same belt exjtends 
southwestward throngh Clay and Coosa into ChiltoUj 
and has been tested at various places along this line. 

In 'this region of the crystalline rocks^ one may 
everywhere observe the gradual transition from the 
solid rock through decayed' schists into complete soilj 
which is generally a clayey loam, more or less stain- 
ed wlh iron. A reddish clay is' thus seen to bc^ a 
part of the residual matters left by the general decay 
of it he rocks of this section, but this clay is^ as a rule, 
so much mixed with quartz, mica, fragments of un- 
deeomposed rock, that it can serve very seldom for 
anything more than material for the manufacture 
of building brick. Residual clays of this character 
are of universal occurrence throughout ithe region of 
onr crystalline rocks* 

It is not difficult to understand how under certain 
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eondirions, the finer portioos af these remdual elajs 
may be taken In suspension in running waters and 
redeposited at gr^iter or less distaiic«?s fnim their 
place of origin in depressions, or along slopes. In 
this war s^re often formed seeondarr deposits of 
pretty fair plastic clay% sometimes mixed with sand 
in proportion to serre well as material for good buildr 
ing brick. An illustration of this may be cited near 
Wedowee in Randolph conntyj and there are many 
ingftances where the residual clays of the country as 
well as these redeposited masses are utilized both for 
the manufacture nf buildings brick of excellent 
quality, and for pottery purposes. 

CAMBRIAN AND SILURIAN FORMATIONS. 

In tliese formations, the clay deposits are either 
the residual clays left from the decomposition gen- 
erally of the great limestone formations of the Cam- 
brian and Silurian, or concentrations of these resi- 
dual clays by redeposition in sink holes, pondi^ and 
depressions; or the accumulation through sediment- 
ary action ,in the depressions of these later forma- 
tionsj of Ithe chemical or vein clays of the Archaean, 

The two great limestones, above mentioned, are 
rarely pure but are mixed with chert or other form 
of siliceous matters, witb iron, and with clay. Upon 
their decay under the action of Tthe atmospheric 
agencies, these insoluble matters are left in the form 
generally of reddish loam or clay capped with cherty 
fragmentSj and impregnated' with iron. 

Such residual clays are extensively used in all our 
valley regions for the manufacture of ordinary build- 
ing brick, for which they are very well adapited, the 
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brick lieJn^ rerj durable^ but not very sightly, since 
thej' are lik€*ly tf^ be 8yK>tted where the claj coe tains 
more iniE thaE the average. Occasionally, however^ 
we find a« result of subsequent rearrangement by 
leaching^ concretionary acition, or the like, these resi- 
dnal matterH differentiated from each other in a most 
remarkable way, m that beils of nearly pure white 
clay lie alongside of hedn of brow^n iron ore, itself 
remarkably free froni either clay or chert. The most 
notable of Huch instances is at Rock Run wbere the 
bed of white kaolin, analyBis of which is given in the 
bod 3* of thitt reiiort, Xo, A. 8., forms one of the walls 
of a bank of limonite which has for years furnished 
ore to the fury nee- In clos<* jtixtaposition to the ore 
and kaolin, here mentioned, Is one of the beds of 
bauxite for which this rej^ion is well known. Kaolin 
b**il« of this residual nature are known in many other 
jmrti* of the States resting upon the Cambrian and 
Hilurian limr^toneft. Near Jacksonville, in Calhoun 
county^ at Tampa in tbe same county, and in numer- 
ous other b>calitic*s of similar nature, are limited 
beds of kaolin, none of which, how^ever, have as yet 
been developed or worked. 

TIw^ fnllowiny clays dei^cribcd below^ may be assign- 
ed to thi HCi foi inations; the china clays, No. 190, from 
near (ladsen and No. 305 from Kymulga; the fire 
clays, No* 191 from Peaceburg in Calhoun county and 
No. 127 from Oxanna in the same county; the stone- 
ware chivs, No. 204 from Blount county and No. 192 
from near Rock Bun. 

In most of ^tlie large limonite banks of the valley 
regions, these deposits of pure clay occur, nenallT 
known as clay horses, some of ttem are undoubtedly 
of sufficient extent to be of commercial value. Many 
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references to these may be found in the Report on the 
Valley Regions. 

While none of these elaj deposits have as yet found 
a market, it may be well for the sake of etmipleteness 
to g:ire a few details coneeirning sut^h as have been 
recorded* The references to the pages of the report 
on the Valley Region^?, Part II, are al^> added. 

In connection with beds of limonirte in S, 31, T. 24, 
R. 11 E.J in Bibb county, mention is made of the fact 
that the ore lii*s imbed d;ed in clay of red or yellowish 
red color, with streaks of a whit^ clay (p. 495.) 

In TnUitdiga county^ in the llatwoods, lying along 
tthe line of the C\>lumbus & Western Railroadj in the 
southeast corner of S. 2^ T. 21j B. 3 E., a white plastic 
clay which in said to have been penetrated to a depth 
of 35 feet^ is reported to ha^^e been struck in a M^ell. 
(p. 606. ) In the same county in S, 19, T> 19, R.5 E,, 
in the Charlton limonite bank there is a large **horse" 
of white clay, extensive deposits of white clay are 
noticed in connection with other limonite banks in the 
immediate vicinity- {p* 616.) 

In Calhoun county, in T. 15, E. 8 E,, and in Sec- 
tions 21 and 23, there are many diggings in beds of 
limouite, and in most of them are "Iiorses*' of w^hite 
clay, (p. 702). Again in T, 14, R. 8 E., in the same 
county, noar Tampa, on land belonging to A. H- 
TulIiSj Section 6, in the red residual clays derived 
from the disintegration of the limest*)nes of the 
countyj along \^'ith liarite and liuionite in ix>ckets, are 
found some de|>osits of kaolin of white color and 
considerable thickness, up to 10 feet In 

Section 5 of same township and range, the kaolin is 
exposcilil in a cut of the East and West Alabama 
Railroad wbcre it is 10 feet thick, (p. 715.) 
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In Cke7'okee counti/, to ftJie northward of tlie line 
of the Sout'hern Railroad in Sections 1 and 2 of T. 12^ 
K. 11^ E., there are many banks of l^monite which 
have been extensively workedj and in some of 
them beds or "horses" of white clay have 
been exposed* One of these in the Clay limonit^ 
bank, in Section 2^ Ithe clay deposit is of great extent 
and several car loads have been taken from it and 
shipped to Chattanooga for manufacturing into fire 
brick. A similar white clay occurs in th& Hickory 
Tree bank in Section 1, (p. 759.) The occnrrenee of 
the clay in the Dyke liraonite bank, near Bock Eun, 
is described on page 777, This i» ithe kaolin whose 
analysis is given below^ under the number A. S. In 
the Washer bauxite band in S. 35, T. 12, E, HE., 
near Rock Eun^ and in the War whoop and other 
bauxite banks of the same vicinity, w^hite cMy 
and halloysite are of common occurrence. Some 
of these clays should be utilized. 

Some details concerning Ithem are to be found in 
the Valley Eegions report, pages 780 to 789, 

In the limonite banks to the eastw^ard of Tecumseh 
furance in the same county, in T. 12, E. 13, E.^ clay 
''hm'seii'^ are everywhere found separating the pock- 
ets of limonite, pages 792 and 793. 

Accnmulajtions of good plastic clay^ which have 
evidently been deposited in the depressions of the 
limestone or in j>oudSj are not uncommon in the area 
of the great limestone formations. One such near 
Oxford in CaJhonn county, is utilized by the Dixie 
Tile and Pottery Company, Analysis and physical 
tests of this clay are given iu the body of this r port. 

Of less purity on account of mixtures of sand, etc, 
similar deposits are numerous, and utilized in 
places, as, for example, the brick clay at DeArman- 
ville in the Choccolocco valley. 
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SUBCAKBOXIFEROUIS FORMATION. 

In the Sub'Carboniferous formation of Wills' Val- 
ley is found the best known depcisit of pure white 
clay of this section* 

This clay occurs chiefly in the lower strata of the 
formation^ *:^enerally very close above the Devonian 
Bl^ck Shale. The deposits which have, up to the pre- 
sent time, been pretty well proven, are to be found in 
the upper or northeastern eud of Wills' Valley, near 
the Georgia line, and on both sides of the valley. The 
most important of them^ however, occur on the east- 
ern side of the v*alley. They have b^n described 
somewhat in detail by McCallev in Part II of his Val- 
ley Regions report^ pages 175 to 182, from which the 
following detail!!^ are compiled : 

The Red Mountain ridges, made up of the strata 
of the Clinton, Devonian (Black Shale), and Sub- 
cairboniferous formatjions, occur here as elsewhere 
in the State, on both sides of the valley. The ridge 
on the western side is, in general, lower and less con- 
tinuous than thalt on the eastern side. The clay 
occurs in the lower s^trata of tlie Sub-carboniferous, 
not far above the RUu k Shale, aud it has been *'pro- 
spectecF aud found to be present in the ridges. on 
both sides of the valley for some ten or twelve miles 
from the State line southward* 

In the northwest corner of S, 3, T. 6^ R. 9 E., on the 
west side of the valley, a test pit exposes tbe following 
section ■ 

SteHon on vm^i »id^ of Wnis" VaUey, DtSalh Oy, 

Cliertledge weathered into & aana? rock of yellow color 8 to LZ Inches. 

Strata hidden by debru - 2 to 3 feet. 

White clay, without grit, in placea Hke haUoyflite ..„. 3 feet . 

Blnish oolor^ clay , «.,..-.- .^^ ^ feet, 

Stn*tA not eipoa«d .,.„« ^».«-„« *,*.«..*■ -25 to m feet. 

Devoniflji Block Shale . .«».« ..»*.. 
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The wlilte day occiirrs in mauy places in tliis 
yiciuitTj and is called chalk by the people. 

On the eastern side of tlie valley, the Ued MooL'tain 
ridge, aB stated aboyej is more prominent and con- 
tinuous than on the west. Near the State line, about 
Eureka station aud thence southwcstward for a 
couple of miles, the clays have been tested and in 
many places worked. They have a thickness ag|}:re 
gating about 40 feet, but are said to thicken up oc- 
casional ly to 180 to 200 feet, of which as much as 60 
feet is a flue white clay suitable for t'he nianufactory 
of stone ware. Home of the clay is shipped from here 
to the potteries at Trenton N. J., and some of it goes 
to'Chattanoogaj Tenn. The Franklin {Ohio) Com- 
pam/ Mines are situated in tlie northern corner of 
S. 34/T. 4, R. 10 E. The day is won by surface dig- 
gingSy slopeSj ami tunnels^ according to locality. 

The following section is obtained along iihe wagon 
road through the surface diggings and will give a 
fairly correct idea of the occurrence. 

Sectiifn at Franklin Company j Mines, IhS:ath Co. 

Alternation* of chert JftyerSn 4 to 18 Inches thlclt, with fine 

sharp sUiceou^ powdef of white and jellow color... ...12 feet. 

Chert of light yellow color, interiamlDated with thin Btreaks of 

clfty .,. ...., .,.. ^ .,.►..►...,..„ J2 feet, 

. Cloy, mostly of yellow color, but with seams of white clay . ..JO feet* 
Aiteraatioua of chert id layers of 2 to S inches thickaesfl with 

clay seAms IS inches in thicknesa.., „„ **..»»..„***,* 4 feet. 

Alternations of chert In layers 2 to fl Inchea thick with white 

clay in irregular jaeam^ $ to 12 inches thick , 18 feet. 

Clay, veiT gritty, of white en tor and cbalky appearance ,.1Q feet. 

Clay fljid shale, the cla^y wliite and gritty, tlie Bhale green .„ lO ftet 

DevOQiau Black SKa e .-.* ,.„,.. „„, .... 



In these miue« in the upper twenty feet the clay is 
more siliceous than in the lower twenty fee*. The 
siliceous clay is better suited for making fire brick, 
while the plastic clay is a potter's clay, command- 
ing a good price. The chert which is inten^ti'atified 
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witli the elay is also of yalue in the manufacture of 
stoneware. 

In the N. E. i of the S. E. i of H. 4, T. 5, E. 10 E. 
ai'e the Montagne Clay Mines, worked hy a tunnel (jn 
the southeastern side of the ridge. The clay m about 
thirty feet in thick nesss, so Die Gf it having a brown eol- 
orattion, dne to orgninc uiattc^r. It Ih quite uniform 
in composition for a diBtanee for at least a mile in a 
northeaHt and southwest direction, is quite free from 
stains of iron but perhaps less plastic than the clay 
from some of the other localities near by. Most of 
the clay here mined i^oes to Chattanooga for the man- 
nfactnre of Are brick, Tw^o analyses of the clay 
from these mines are given by Dr. Ries under the 
numbers 116 and 117 aod they are classed by him as 
tire clays. 

Further southwest^ along the ridge, we find other 
occurrences of the clay as in the S, W. * of the N. W. J 
of S. 12, T. 6, K. 9 E., where there is an old open- 
ing tm a clay bc^I, which shows some four feet of clay. 
Still further south west ward in the N. W, J of the 
S. E, i of S. 15, T. 6. R. 9 E., tliere are numerous sur- 
face diggings, and tunnels in a clay bed thirty feet or 
more in thickness. Some of the clay of this deposit 
in of most beautiful quality^ and especially well 
suited to the manufaoture of the finest stone ware, A 
set of china ware, 700 pieces, made from this clay 
took a prcmJum at the New Orleans Cotton Exixisi- 
tion. 

In places the clay has streaks and st-ains, due to 
iron, and' in other places it has a dark gray color, dne 
to the presence of organic matter, which does not pre- 
vent its burning to a white color. Muclr of fthe clay 
is adapted to the manufacture of fire brick as shown 
by the analyses of a trample collected by Dr. Ries, 
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number 119. Analysis, number 214, ghows the quality 
of the purer and whiter Yai'iety. 

The ciaj deposits extend to mthin two or three feet 
of the DeToniau Black Shale, thus fixing the oceur- 
reuce at the base of the Subcarboniferous formation. 

Beds of potter's clay of this formation have also 
been noted at other localitieSj among them one in the 
railroad cut just nor>tJi of Stevens' switch on the A. 
G* S, R. K,, and another in Calhoun county in S. 10, 
T, 15, a 6 E,* 

Hard white clay, like halloysite in appearance^ has 
also been noticed at points in the Tennesseee valley, 
near St evensong and it m quite probable that search 
in that valley would be rewarded by the finding of 
deposits of the clay of commercial importance. 

. COAL MEASUEES. 

In some parts of the coal fields, the under clays of 
the seams of coal have been utilized in the manufac- 
tory of pottery^ as at Jugtown, near Sterritt, in St 
Clair county; rt Fort Payne and Eodentown, in De* 
Kalb; at Vance's Station, in Tuscaloosa county; a.t 
Summit, in Blount countyj and at Arab, in Marshall 
county. In all these places the clay is manufactured 
into jugSj flower pots and similar articles, while at 
Fort Payne it is also used in the manufacture of fire 
brick. 

The shales of this formation are also utilized in 
some parts of the State, notably at Coaldale, where 
they are made into vitJrified brick for paving purposes. 
At the Graves Coal Mine, near Birmingham j* occur 
two bodies of shale, which have been analyzed and 

*VB.l1e7 Rafftt^nt. P&rt II., p&eei 111 and TU. 
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otherwise tested for this report, and. the results of 
tliese tests are to be found below, nuint>ers 170 and 
171. 

Dr. Eies has tested also the Carboniferousf shales 
from near Pearce's Mill, in Marion county, and finds 
them admirably suited for the manufacture of preyed 
brick and with a mixture of a more plastic clay suit- 
al)le for the manufacture of terra-j^-otta (Xo. 3.) 
Up to the present, time none of the clays froui the 
oal Measures have been found suitable for use in 
tlie manufacture of hiji:h grades of fire brick, luit this 
moy be due to the circumstance that very few of these 
clays hare beeen examined. Of shales suitable for 
making nitrified brick, there is the greatest abund- 
ance. 



CRETACEOUS FORMATION. 

In many respects the moKft important formation of 
Alabama in rt^spect *>f its clays, m the lowermost 
diyision of the Cretaceous^ which we have called the 
Tuscaloosa* The strata composing this formation 
are prevalently yellowish and grayish sands, but 
subordinated to tihese are pink and light purple 
sands, thinly laminated, dark gray clays holding 
many well preserved leaf impressions, and great 
lenses of massive clays varying in quality from al- 
most pure white burning days to dark purple and 
mottled clays high in iron. 

This formation occupies a belt of country extending 
from the northwestern corner of the State, around 
the edges of the Paleozoic formations to the Georgia 
state line at Columbus. Its greatest width is at the 
north' western boundary of the State^ where it covers 
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an area in Alabama thirtj or forty inileB wide and 
al»out the ^auie widtli in MisBisBippi. 

From here t^^wards the f*outlieastj the breadth of 
the belt fo'adiiaily diniininheft, till at Wetumpba and 
thence ea***t ward to the Btate lim^j it furiiiB the surface 
along a Ijelt of only a few miles width* 

To the eastward of the Alabama riyer, the propor- 
tion of clay to ^le re«t of the strata is less than in the 
other direct Hiij, and iit the iiuiie time the clays 
themselves are as a rule more sandy. But from the 
Alabama river north west ward^ in the gullies, raiines, 
and railroad cnts, there are many exposures of these 
bedB, exhibiting sections of clay l)eds from mx to for- 
ty or fifty feet in thii-kness, and of vai'ying degrees of 
purity. In a general way we may say that tlie purer 
clayn, resmbling kaolin in compos ition^ have as yet 
been found only in the northern part nf this area in 
Fayett<% Marion^ I'^ranklin and Colbert counties, and 
the adjoining parts of MiHwissifjpi, 

In my Coastal Plain Report, published in ISOlj* 
I have brottght together many details concerning the 
TiiHcaloosa formation in the counties of Lee^ Rus- 
Hcll, >facoii, Elmore, Autauga, Chittan, Perry, Bibbj 
Tusc*abH>sa, Pickens, Lanmr, Fayette, Marion, 
Franklin and Cnlhert, and tlie reader is referre<l to 
that hook for full discussion of the formajtion. 

In order, tiowe\x^i^, to present the clay occurrences 
as completely as possible I shall give extractis from 
tlie foaKJal Plain Report in so far as they may be 
descriptive nf t!ie deposits of clay. 

To these extracts are added a number of details 
received from a reiwrt made by Dr. George Little, 
who in 1801, sjieut several months making for the 
(l(*olngical Survey ^sfuue examinations of the clays^ 

*B&MeA m^Zm, 531-2, 536^ 541, 545, bi9 55J, 556» KS, 
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of this f Carina tiim. Dr. Little bronght to^^etlier a 
large t*alleetiou of tlie eliief varietie** of tlienr rlays 
and from these spef^iuieiia many of tlie aualjt^^ 
fomiil in the report beh>w have lieeu made. 

Use IB alj4<> made of manuKoript notes of my own ou 
examinations made since 1894 and of descriptions of 
cJay otenrrences in the report on the Valley Re^^nns, 
Part I, by :M( Calley. 

Inasmnrli im ftlie rimiarks of Dr. Engene \\\ Hil- 
gard on t^ie clays of ^MisMssipppi api>lj in general 
to the clays of this State which lie innutHliately ad- 
jacent to tliem on tlie east, a Khort (extract from bis 
Report tni the (kHilogy and Agricnltnre of Missis- 
Hippi will not he out of place. Tbese notes relate to 
the clays occiirrin*^^ in TownsIiipB 4^ 5 and 6 in Tisli- 
ominf^o connty, Mit^issippi, and were publi sited iu 
Dr. Hilgard-s Keport on the (ieolog>^ and Agricnltnre 
of Mississippi, 1860. 

"A large dc^posit of wliite clay of great parity, how- 
eTer, occurs in Tisliianingo c ounty, chiefly in the 
southern portion of the territory of the Carboni- 
ferous forma tioTi, f tallowing very nearly its western 
outline. It there forms a regular stratum of con- 
siderable extent, which Jn oim locality at least-, was 
found to be more than 30 feet in thicknesB, The bed 
attains its best deyeloimient^ so far as the quality 
of the matei'ial is con(*erncd, in the northern ]>ortioii 
of TownHhip 5 and in Township 4^ Range 11 east, 
where it is about 30 feet underground in the njdands^ 
tbongh at times appearing iu limited outcrojis cm 'Lhe , 
banks of the streams. Xi>rtheast\vard and s-mith- 
west\^ ard from the regions mentioned, the bed also 
occurs but changed] in character, at least near the 
surface, to a white gritty hard pan, or clays of various 
colors and of much less purity. It forms the lowest 
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visible portiou of the Orange Sand formation^ and 
is almost invariably overlaid by strata of pebbles and 
pudding stone, which in their tnrn are sometimes 
overlaid bj common orang^e-eolored sand. 

The most soutberly exposure of these beds^ known 
to mej occurs on a small branch of McDonglas- Mill 
creek, in Sections 5, 4, and 9j Township 6, Range lOj 
east, near Mi\ Pannel's place. For more than a mile 
along this branch there ai'e exposures in which 
about 20 feet of a whitisli mas^j varying from a fine 
clayey sand to a white plastic clay, appears overlaid 
by 'thick beds {20 to 40 feet) of ferruginous pebble 
conglomerate; the latter in its turn being overlaid by 
the comniou fei'mginons sand and brow^n sandstone 
on the hilltops. Similar outcrops appear in the 
neighborhood of Mr. Aleck Peden-s place on Sections 
3 and 27 ^Township 5, Range 10 eoBt, northeast of 
Pannel's Here also ti white stratum of which only 
a few feet arjs exhibited i^ overlaid by pebble conglo- 
merate, and this by the common Orange Sand. The 
white mass varies from white plastic clay to fine 
grained ahiminons sandstone; its upper layers are 
sometimes composed of a singular congUimerated 
mass, consisting of small, white quartz pebbles im- 
bedded 'ii pure white pipeclay. In both localities, 
copious springs of pure water are shed by the im- 
pervious clay strata. At filr. Pexlen's, itiiere is a fine 
bold chalybeate spring m hich seems, however, to 
derive its mineral ingredients (sulphates of iron and 
' magnesia and coramou salt) from the adjacent 
Carboniferous stratii rather than from those of tlie 
Orange Sand* In either of the localities mentioned, 
majterials suit^cd for fine pottery, or queenware^ 
might be obtained. 

Thence northwest^ the stratum is not often found 
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outcropping, but, as bad been stated, 20 to 30 feet 
below the surface of the uplands; the couutrf beiug 
but slightly uiKlulating. At Dr. Clingscale's^ Sec - 
tion 8^ TowuHhip 5, Eauge 11 tast, the clay stratum 
was struck at the deptli of about 30 feet beneath sand 
and pebbles; it was dog into, without being parsed 
through, for nearly 30 feet moKfij no water being 
obtained from bek)w, but dripping in above from the 
base of the pervious strata. The whiteness and 
plasticity of the material seems to increase with the 
depth* The portion of what was dug out of 
the Tvell in qut^stiou, had already i>eeu removed 
at the time of my visit, having been used 
for various economical purposes as^ ehalkj 
whitewash, and **Lily White^', The specimens 
examinetl t\ ere, therefore, rather below the average 
quality, and on long expoiiiure to ^tbe air, their surface 
shows some yellowish spots. I found neverthelesSj 
that in baking at a high heat they yielded a biscuit of 
greater whiteness than their natural color when 
fresh ; and thait fine splinters^ exposed for ten minu- 
tes to the highest heat of the mouth blowpipe, retain- 
ed their shape perfectly while reduced to a Bemi-trans- 
parent frit» A (luantitiative analysis of the clay from 
Clingscale*8 well gav^ the following results: 

WMtc Pip0 Clay from ninpscA£rV. 

Inioluble matiftT ...«..,-. » 90,F77 

I iaie ..,„ - -^" ^ „,„....„. 0.U0 

HatD^a ....»....„* *.,..... H...... . ........ ■ - . trflCB 

Pcroiide of iroD,,......- *.... ,„».* — .♦»*„.......„..... .- .►.. . 0.128 

Alamin*.*., ,... - 2 214 

WAt«f .,„»„ »». » » *. ..., 6-9S0 



This analysis ( which was made solely for the pur- 
pose of ascertaining the ingredients foreign to the 
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claj i)roiH-r) proves the stUjLifiilar fact that this claj^ 
thnugli (HTurriug in a fnrmatiini fharaeterized by 
tlie large amount of iron it coiiiuionlj l>earB, contains 
a remarkably utmall amount of tliat MubHtaut'e, which, 
ttkgether with minute iKa'^Mjrtions of lime and mag- 
nesia, explains its infumbility. 

The two most irai>ortant [practical purpos4*s which 
the materials occurring in the depostit^ just describ- 
ed will serve, are the manufacture of line que^^nware 
and that of fii'e proof brick. ( Not port^elain. Kaolin 
or porcelain earth contains, besides; the white clay, a 
certain amount of nndecomi>ost^d feldspar, which 
imparts to it its proi>erty of being semi-fus^d at the 
temperature of the porcelain kiln. The same prop- 
erty might be imparted to the white clay in (jues- 
tion, by the artiticial admixture of ground feldspar^ 
but it could not thus conip*^te with the naturel kao- 
lin of Alabama). 

A» for the (jueeuware, tlie plasticity of the in ate- 
rial leaves nothing to be desired ; and since the amount 
of siliceous matter varies greatly in dilferent lay- 
ers, there could be no difficulty about givng to the 
u\ass the precise degi'eo of meageruc^s which may 
be found uiost advantageous, by mixing the several 
BUccesBive layers. The same may be said with reference 
to the manufacture of fire briek (to wliic'h these ma- 
t^^rials are admirably adapte<l)j which would proba- 
bly, at the present time, lie the most feasible and most 
profitable manner in which the beds could be made 
available. The manufacture of tire brick differs from 
that of ordinary brick in this, that it requires more 
rare, both in working the clay aud in moulding the 
brick- Beyond their flrejn^oof quality, it is demanded 
of fire brick that their nhape Iw perfect, their fuass 
uniform and witJiouf flaws in the interior; also that 
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they shall be liable to the least possible shrinkage in 
a liigb heat. The latter quality is imparted to tUem 
by a considerable lutxtiire of either sand or fi:roimd 
fire brick to the fireprm>f clay, wliich itself ought to 
be thoi'onghly 8<HiBoued l>efore, and then well worked 
up with 8uch additions of the above materials as may 
be ret] 111 red. In jndgiug of tlie amount of sand or 
ground brick to be added, it is to be ol)served, aB a 
rule, to add as much as may be consistent with the 
proper flrmness of the bun[it brick and with conve- 
nient mould in ji:. The latter process ought tii he per- 
formed, m* in the manufacture of pressed brickj when- 
ever a first-clasB article is aimed at, for it is only thus 
that external and internal flaws are entirely avoided. 
In some localities materials may be probably found 
which require no f urtlier admixture — the strongly sili- 
ceous varieties of the clay; bet whenever sand or 
bunit clay is added to the mass^ care should be had 
tliat it be free fnmi iron, which would seriously im- 
pair the fireproof qualities of the clay. None but 
white sand should be used. For the rest., they may 
be burnt in kilns like common brick." 



RUSSELL AND MACON' COUNTIES, 



^ Within the limits of Girard and Phoenix City, op- 
posite Columbus, and in the hills to the west of Gi- 
rard, ai*e many exposures of the Tuscaloosa strata, 
aggregating some 20D feet in thickness. These are 

\ composetl mainly uf sands, but there are numerous 
beds of whitb, gray and purple or mottled clays intar- 
sti'atifie<l witli the sands. The small strt-am which 
flows tlirough Girard expot^es a numl>er of these clay 

CI others are to be seen in the hills to the west 
>wn. The materials for the nianufacture of 
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drpin pipe, vitrified brick^ pressed brick etc, are here 
in abundance, 

TheBe clajs are fca be seen at intervals along the 
road leading toward Montgomery^ e* g,^ near Marvyn, 
Crawford ands Society Hill^ the prevailing variety be- 
ing the mottle<l red or purple claj. Northwest of So- 
ciety Hill these clays occur as far as FarreU^s Mill, in 
Macon county* 

Near Cowles' Station, at the ferry across the Talla- 
poosa river, purple clays, three feet in thickness, show 
in the river bank, and a short distance further down 
the river at the site of Old Fort Decatur^ a fine sec- 
tion of the TuscaJooea beds, including many beds of 
c4ay from one foot thickness and upwards is ex- 
IM>sed.* 

MLMORE AND AUTAUGA COUNTIES. 

In the vicinity of Old Coosada town, along (the 
banks of the river, about Robinson Springs and Edge- 
wood, there are many occurrences of the clays of this 
formation, analyses of which have been made by Dr, 
Kie», and the results given below in the body of the re- 
port. About EdgewQod <there aie several potteries 
and one ochre mine using the materials of the Tusca- 
loosa formation. McLean, Vaughn and Boggs 
have lotteries here, and Pressley has one furtlier 
weet. 

At Chalk Bluff, near Edgewood, there is a very 
characteristic section exposed in an ancient bluff of 
the river, now at a distance of more than a mile from 
that stream. The section is as follows : 



•Coastal Plain aeport, p, 654, BBB. 
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Sectian at Chalk Staff, Elmore Cottn^u. 



Layette t^d loam and pebblea. . , ..,.,,,,,«» 15 feet 

Gray and ycllot^ anndy clays. In dlsttDct but 

trr^gulnr Jayere *..*.. .* ** ........ 6 " 

White clay, 3 fe€t gmduatlns downwards Into 

yellow o(*hreous clay* 3 teet ,........<.... t ** 

Gray plastic clay bl^e wben wo't, and exceed- 
ingly tough and sticky ; full of vegetable 
remains, flattened and bltnminlEed .,..,.., 10 " 



I Two 8ampleB of this clay (Nos, 101 and 122) have 
been tested and analyzed by Dr. Ries (see below un- 
der tbe head of Pottery Clays and Brick Clays) , where 
a section of this bluff is giTen, differing slightly from 
the aliove* This is not to be w^ondered at, since tlie 
stratification is very irregular^ and no two sections, 
twenty feet apart, are idential. 

Along the line of the Mobile and Ohio Ry., in Auta- 
guB;^ and on most of the public roads leading from 
Prattville north and northwest, there are exposures of 
Tuscaloosa strata, consisting of sands and clays^ the 
former predominating. In the western or northw^est- 
ern part of the county, near Vineton, many instruc- 
tive sections of tlie Tuscaloosa beds are to be seen. 
Some of these sections include beds of clay^ whicli are 
of interest iu our present work. 



BectiQn, neur Cot. J. W. Lapsle^'s plam, Yineten. 

1. Stratified <?lay9 of white, pinfc* and purple 

colorst lnti?rla[nlDated with tblts sheets of 
yellow ftand8: the lower part of thla bed has 
a larger proportion of &and . . .. . » . . * . 10% feet 

2. Gray laminated clay with partings of purple 
sands ...*.,..* ...... ................. 5 " 

S, Yellowlab white laminated clays, with purple 
anfl other bright colors on the dividing 
planes, 5 feet sihowing^, but the same beds 
appear to continue down the hilJ for at least 
ten feet further ... 15 " 
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1* Y«llowi«h Sftuda* beautifully croaa-bedded, , . . 4 feet 
2. Wtiltt tm4 ptfkk claja, iDterbeddedl with yellovr 

Band* - .... la " 



1, Purple elftjs Intetbedd^ with reddt»U aands. ■ 6 fe«l 

2, Mottled (red and yelU>w) Sftudy claya, p^ftrtly 

obscured by overl.yiug pebbles and aands- * . * . *12 '* 

3. Kt»cJ itftftds with «BQiill Ifnticular bita of yellow 

*"lay g " 

4. Wtiite and yellow laminated daya ......... 6 to 8 '* 

At the brirtnjft over MulberrT, near VinetoiL, the fol- 
lowing strata are shown in the l>aiik&i of the creek : 

Section on Mutberrif Ct*c€k, near Vinrtoti. 

1. Mottled purple days, Klmllur to tbose at 

Steele's Bluff on Warrior Elver 1 feet 

2. Yellow cross »nndy beds '........., 2 "* 

,% MotttiHl clayB aaiid>^ tielow 5 '* 

■i. Orayleh white m caceoua Aands, with Irregular 

pHt{]heB of red and yellow uolorti ; to water's 

eilge , ....... 4 '* 



£/BS COUXTY, 

From Vinet4^m up to Kandolph very little of the 
strata of the Tiisealoijsa forinarioii can I>e seen until 
w ithin three miles of the latter place, w^here dark pur- 
plish gray **lays are to he eocoviutereiJ, Between Ran- 
dolph and OnterAille, along the public road, and at 
many points aloni? the railroad f"om Maph^ville to 
Centervillej there are occurrences of the niassive clays 
of this fiu'mation. These clays have ixiven much 
trouble and caused mucli cxpenre to the railroad, 
from the fact that when softened by the winter rains 
they squeeze out into the railroad cuts, filling them np 
and overflowing the track. Where the clays from the 
cuts are used to uiake embankments, they are equally 
troubl*:^8<^*me, as they are continually giving way* We 
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have no accurate notes of tUe sections exposm in the 
railroad cuts but the public road from Kandolph to 
C-enterville has been somewhat clotsely examined. 
At Soap Hill there m a typical section as follows : 

So<ip Hill, 7 tTtit€H East of Centerrille. 

1. Turple Aiid mottled claja at summit of bill, . . 5 feet 

Jd, t^lajey s^iuds in severAl ledgen * - . > 10 *' 

a. Cross bedded ^f^Ilt^wlBb aad wbltl^b aands, 
traverniMi at Intervals bj Jedges of HiitidiJtoue 
fortjitjd by tbe Induration of tbe trross-bedded 
aiinrl!<i , , . - - , + .*.*.* . ^ ..... . 30 " 

4. Laniluated f?ray clnya with partings of sand.. 10 " 

5. Alternntions of la minuted gray clays with 

cross- bedded sands In bcda of V2 to 1& Inches 

nUckness 40 ** 

e. Y*?n<twlfth trofl»-t)edd€d sands wltb clay part- 

ingH 20 " 

T. Laminated gray sandy clays contalnUig a few 

leaf impressLona ........ ..**..*.. .^ . . ^ IQ " 

8, Grayish white sands * . . ...... ...*.. 8 " 

On the same road in the eastern part of the town of 
Centerville, on the S(*liool HoUk^^ Hill, there may be 
seen some fifteen feet ithicknese of purple and yellow 
clays. 

The same beds show along the Selnia road, south of 
CenterYille, at many points. Sections are given iu 
the Coastal Plain lieport, pages 336 and 338, To the 
southwest of Centen ille also^ in townships 21 and 22, 
ranges 7 and 8, many of riihe ridges are composed of 
purj)le vhij^ eight or tan feet in thickness^ resting on 
four to six feet of gray clays,* 

On th(^ road to Tus4;aloosa the clays show about half 
way between t'eint+^rville and Hcottsville, 

Along tlic line of the Ala1>ama Great Southern Rail- 
road in this county, there are many expos^ures cf the 
Tuscaloosa clavB, e ,g, at Bibbville, where they have 
lieen utilized for many years in the manufacture of 
semi-refractory fire bricks for grates, etc, A great 

* Costal Plain Report , iiage 33S. 
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deal of the material m shipped now io Bessemer^ 
where it is worketl up into fire brick. Further north, 
Bear Woodstock again are rather extensiye diggings 
on the line of the Birmingham Mineral Eailroad^ 
from w hich the clay is shipped to Boisemer and used 
a» above indicated. 

Dr. Eies has? investigated the clays from boftih of 
these local itiei^, and his results are given below in the 
body of the report, under No, 112 for the Bibbville's 
si^ecimen^ and No. Ill for that from Woodstock. He 
classes them with the fire clajs. Another specimen 
from W^oodstock, classed by Dr. Ries as brick clay, 
has been tested, (No. 126, A. Stevens). 

TUSCALOOSA COUNTY. 

The utilization of fhe clays of this formation wae 
begun in TiiscaJoosa county by Daniel Cribbs in the 
year 1829. He was the pioneer, though it is said that 
W. D. Preston had a pi»ttery in Autauga county in 
1828. C: K. Olivier has had a pottery in this county 
since 1856. Peter Cribbs^ in Lamar county, carried 
on the business for twenty-Mve years. He was the 
brother of Daniel, whose son, Harvey H. Cribbs, has 
for tnany years been more or less engaged in working 
the clays along Cribbs Creek, two miles south of Tub- 
ealoosa, and later four miles east of town on the Ala- 
bama Great Southern Kail road. The Lloyd family 
have operated several potteries in Marion county, Al* 
abama^ and Itawamba county, Mis4*issippi, for many 
years. Fleming W, Cribbs, a son of Peter, has now a 
pottery at the new town of Sulligent^. on <the K, C, M. 
& B. E. B.* 

Within the limits of the city of Tuscaloosa there 



*Note5 of Dr. G«orge Little, 
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are many exposures of the clays of this formation in 
(the gullies facing the river bottom. In one of these 
gullies the section is as follows : 

S^jction in TuscalOQua. 

1. Pebhlea, «aii(3j and red loam of the I>afaf«rtte 
formlDjcc tlie plateau on whleli the city of 
Tuacalooga stands ^ 15 f&et 

2* Light gJ'uy. ifumewhat ma salve cluja, mottled 

with yellow^ hut becoming I nm I Dated below 3 " 

3. Dark blue, uearly black Iiimluateil clay»» lam- 
inae half nn Inch thick, separated bj thin 
partinga nf white sand. Tha cltty contAlns 
leaf Jm[irei5i^km4f ,.*.*. **.***,**.*. 3 ** 

4. Yellowlab gray lamlnatcKl I'ln^jn^ al^o containing 

Impreflfllona of variable tblcknesi, aTerage 2 " 

5. Strongly crtjas-bedded aands, yellowlah to 

whitCt sharp, with a few etre&kd of clay Ir- 
regQlarly dlstrlbnted throngh It* 20 " 

At the proper depth below the surface, the clays 
above mentioned are encountered in most parts of the 
plain, though naturally the thickness of the beds and 
their character vary from place to place. 

Eastward f rtmi the city the cuts of tlie A. G, S, rail- 
road exposes thc^e clays at numerous points. Some 
four miles from town they have been utilized' by Mr. 
Han-ey Cribbs in the manufacture of flower vases, 
jugs and similar wares. Below about twenty feet of 
the surface red loam and pebbles, we find at this place 
one to twelve feet of white clay^ free from sftreaks; 
then it!hree feet of yellow sand and a bed of blue clay 
of undetermined thickness.* 

D. Ries' analysis and tests of the Cribbs' clays are 
given below^ under No. 1, S,, where it is classed among 
the pottery clays. 

At the Box Springj about five miles eaat of Tusca- 
loosa, the railroad cutis expose about six or eight feet 
of laminatetl gray clays marked with purple streaks- 
Beyond Cottondale, nine mile^s from Tuscaloosa, 

*Kotes of Dr. George Little, 
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about thirtv or forty feet thlckneiis of purple elajB is 
men along the hillmde, 

Hnttie twelve miles east of Tust-alixisa the grajisli 
purple dare api)ear in many places alimg the slopes 
of the hillH, The following general section of strata 
in tlii» ririoitv will give a giKKl idea of the formation : 

Btciktn H^U mllfjt BoMt ef Tuacalooia. 

I. ritrpt^ m&siiTe cia jm ......,., — , 5 feet 

2* Pcrrogitiotia satiilittciD^ t^mst b ,,...,,,..., 8 t& H Inch^m 

3* Varl^at^ clayey «aJid$ haJdtn^ snukU sieves 

of imrple cliiy ....,,,...,. , , , 10 feet 

4. I'urpli> i.'lsytr ^-^Ith partinga of sand ........ k * 10 

5, tVrniginoufl crast *.,.*,.. ^ . 1 *' 

IS. Lam^nited gray and j^ltow ^ndy clays . . ..6 to S ** 

T- Lignite with pyrite nodules _...,,....,* .2 to 6 Inches 

H. iMrk gray somewhat mfl!*»iTe t-laya **>.... .0 to 8 ** 

0. Htnita «h*(*.-ured by deb da fmia above 20 " 

10, Purple clay at lMm€ of hUU thlcknen* iindermlned. 

Along the A, G. S, K. R< beyond Cottondale^ the 
cntn show many varieties of materials of this forma- 
tion, among them beds of purple clays, sometimes 
massive, sfmietitnes laminated. Just beyond Cotton- 
dale the flay** gave nmeh trouble many years ago at 
what was known as the "Sliding Cut." 

A mile* or two beyond Vai^ce's Btatiim, a Ijed of the^ 
day.H in now being worked for material to use in the 
man u fact lire of fire brick at Bessemer. 

Southward from TusealooBa the clays are seen in 
most of the liills bm fieri iig Big Sandy Creek, and 
judging from the width of the outirop along the hill- 
sides there can not be k*ss than fifty feet thickness of 
them. 

The same el ays show along the A, G, S. railroad at 
1 1 nil's Stati(»n, and all tliat vicinity, and Dr. Bies pre- 
sents an analysis^ together with the physical tests. 
of a sample of tins clay, Xo. B., which he classes as a 
refrantory or fire clay. 

A characteristiG section of these clays exposed 
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along tlie lulls^ideH, just Boirffi of Bij^: Sandy, where 
the Greeusboro ruad pasf^es^ m given below ; 

Section on Bin Sun flu Vreek^ Ta»caIoit»a Cmtntjf. 

1. Purple or mottled elajs^ like thoae cm cur 

ring fit Steele's Bltsff, an Warrior 

rU^er.p . 30 feet 

2. Islght yelluw sands with petihlea. alj^io sim- 

ilar to tlma*^ fieeD at Bteele^i) and 

White H liinfif« , , ... 10 to 15 feet 

3. GrAy^ iBtOiinHted cJrj', ent.'iosiQg' d Hgnl* 

tlaed tree tninis at liaHe of hill...... 4 to Ti feet 

Fur til er .^outli the materials of the Tusealoosa for- 
mation seem fto be more sauclj, and the proportion of 
clajfcii i^ small. 

Along the banks of the Warrior riyer below Tnsca- 
loosa, the clavs show up in many places^ especially in 
the vicinity of Sannders^ Ferry. 

At tlie Snow ])laee, above the fen*y, there are some 
gfreat gullies, in whieh these Blinds and clays of the 
formation are exposed. In some of the clay beds 
many leaf impressions have been obtained^ which 
have assisted in the detenni nation of the geological 
horizon of the Tuscahiosa formation, 

A short distance alH>ve the ferry, and adjoining the 
Smnv place, there is a bluff about 140 feet high which 
showt^ the clays and other lieds of this formation 
very clearly. The section is as follows : 

Bcetion above Setunderg* Fcrri/, Warrior River. 

1. MaF^nLre olayfi of ii^reenlsh and pnrpie colors, 
breaking with efmeboidal fracture. 
On drying these clays become hurd and 
roi'k-ltke. When wcfc hy the wlnt*^r 
rain^, thi*y ssoften and slide duwn the 
slopii'S, covering them (completely 

In places. ThkkneBs 40 feet 

2. Laminated igandy cliiys^ gray, with Band 

partings r . , . ► ........ . . 5 feet 

Gray cro«s-heilded siiudB< with partings of 
(lay along mntvy of ttie planei^ of 
false tieddlug. ....... ,,».,., ...... 25 feet 

4. Gray cross-bedded sanda and bine mica* 
ceona sands ........ ...... . . 23 feet 
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At WillifordPs latidiDg the purple clays show about 
ten feet in thickness below the second bottom^ or river 
deposits. 

At Steele's Bliiff, and a few miles below, at 
White's Bluff J similar purple or mottled clays make 
about ten feet thickness of the river bluff. 

Westward and northwestward of TusK^aloosa the 
clays api>ear along all the roads for many miles to 
the western boundary of the county^ and beyond into 
Pickens. The clays when freshly exposed are of gray 
color, but undergo a series of changes in consequence 
of weathering, and the oxidation of the iron which 
they contain* First, the gray becomes specked with 
redj and this color gradually increases in proportion 
until it prevails, and the wiiole body of clay becomes 
a dark red or purple mass, with few^, if any, of the 
fragments -of the original gray color. 

At John MillsV about thirteen miles from Tusca- 
loosa, on the Shirley Bridge roadj the following sec- 
tion is made by Dr. Little : 

Section in Tuscaloosa Counitf. 

1. Red loam and aaad (Lafarette) ............ 10 fe«t 

2. Ferniglnotia aaadatont crust* . .. . . . . 6 leet 

3. Blue clay { Sample No. IK 6 feett 

4. Yellow sand, witli Indurated crnat above aiid 

below*......, .... * T feet 

5. Blue Clay (No. 2) .... 6 feet 

4, Yellow sand, with indurated crust above and 

On the Fayette Court House road the same clays 
show at many points^ but the most promising clays 
along this road liave been obeeryed beyond the Tusca* 
loosa county line in Fayette. 

The Mobile and Ohio road to the northwest of the 
city of Tuscaloosa exposes in many of its cuts beds of 
clayj which haye been a S4>urce of much trouble and 
expense house of the filling of these cuts by the 
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Bcftened daj diiriii|j; the wioter seaB(.ms. SevenU cntE? 
ill the vH'inity of Ten Mile ('lit liaye traversed these 
beds of flay. One specinien from the Ten Mile Cut 
liaa been examined by Dr. RieSj and classed among 
the brick clays (Xo. A), though, as Dr, Wim remarks^ 
there is no reason why it should not find other uses as 
well. 

In ithe near Tieiuity of this cnt^ on land formerly 
occupied by 51 1% J. (\ Bean, occur tlirce Iveds of clay 
measuring each about five feet thickness. These have 
been investigated by Dr. lUes under the Xoa 118, 115 
and 100. The first of theses t^jussed as fire elay, has 
many points of interest^ growing out of its dense 
burning at low tenii>eratiire, and the great difference 
in temperature between the points of incii)ient fusion 
and vitriti cation, suggesting its snital>ility fo'* use 
as a glass-pot clay. The other two clays are classed 
as pottery clays, and are perhaps representative of 
one of the most widely distributed types of the clays 
of tliis formation. 



PIC/CENS COUNTY. 

Xcar thci line of the Jf, & O. road, in this county, 
the clays are observed from the Tuscaloosa county 
line to within nine miles of Columbus. In mode of 
occMirrence and in the character of the clay these beds 
resemble those of Tuscaloosa, above mentioned. From 
Knberts^ Mill on Coal Fire Creek, Dr, Little has col- 
lected a sample of white clay which "has been analyzed 
by I>r, Ric^, Xo. 32 H. It is claissed by him among the 
stone-ware clays, burning to buff color, and is in 
many respects' similar to the Cribb*s clay of Tusc*a- 
loosa. West of ('oal Fire Creek, and at a distance of 
18 to 20 miles from Columbus, the nmssive reddish 
clavB show in t'he hills to a thickness of 10 to 50 feet.* 



•Notes of Dr. George Little. 
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LAMAR COUNTY, 

The strata of the Tuscaloosa formation cover the 
entire area of Lamar below sKhe mantle of red loam 

and ])ebl>les of the Lafayette. Among the i^trata ttre 
numerous beds of clay of varying degrees of Durity. 
Dr. Li tilers notes^ which fallow belowj give many 
details concerning them. 

Along the line of the Southern (Georgia Pacific) 
Bailroad, there are many exposures of the clays^ a^ 
at Millport, where the clay show^s at a thickness of 
four feet ; beyond this at about 23 miles from Fayette 
Court House, the clay seems to be 10 feet thick, and 
near this at Ferubank, J. D. Green has a pottery. 
His clay is 18 feet (thick, analysis of this clay is to be 
found in Dr, Eies' report^ No. 27 S. 

Along the road from Fayette Court House to 
Vernon, at 9 miles from the former place we have this 
section. 

Section nine mites west of Faj^etie C, M., in Lamar Co. 

Blue claj , ,,,,.,,» § feet 

Mottled clay , . 20 feet 

SaQdj clay ..*..*.. 4 fe*t 

Tliree miles fiirther west on the same road, this clay 
is some 20 feet in thickc ess. Within two miles of 
Vernon, in A. W. NichoPs wellj blue clay 8 feet thick 
is penetrated l>elow six feet of overlying sands. 

One mile east of Vernon, at a saw mill, there is clay^ 
white and 3 feet in thickness, 

On the old military road of Geu. Jackson at a dist- 
ance of 20 miles from Columbus, Miss,^ and about 7 
or 8 miles northwest of Vernon, near Bedford P. O., 
are the remains of a pottery once owned by Peter 
Cribbs. At thia place lives Captain Crihbs, a negro 
uian with his son/ Major, Captain worked for 



CRETAVEOUS FORMATION. m 

many years in the pDfJterieSj which his master, Peter 
Cribbs and his master's widow^ managed from 1865 
to 1886* The pottei^j-, 3 miles further north on the 
Military road near M. P, Yonng's, Mas the place 
where most of the jujrs, jars, etc., were made. The 
be^t of the clay for these potteries was obtained from 
what is now Eeuben Powell's land^ 2 milts west of 
^the Jlilitary road in the north wesft quarter 
bf the norhwest quarter of S. 28, T, 14, R. 16. The 
pits were dug 14 feet down to the clay, which 
was 3 feet thick, ilr. Powell has bored with an 8 inch 
augur near this plaee^ and found clay 1| feet from tlie 
surface, 5 feet thick, dark brow^n and very tough and 
plastic. Analysis of this clay is given by Dr. Eies 

^-under No. 11 S. 

^P Lewis J. Jone&, who now lives on the Powell place 
in the sootliwest quarter of soutJiwest quarter of 
Section 23, has boi*ed a mcII in his yard of which the 
section is as follows: 

BBction in Well, Lamttr Uu. 

I Surface Bands and loams IS f^t 
Clay IH feet 
Sana..... feet 
Clay 1 2 feet 
Wlilte sand , . . _ 24 feet 
Clay, penetrated to depth of 2 feet 
but so tough that the auger could not he raised < 
and the well waa stopped. 
Clay is also reported at Thomas' Mills, above Hun- 
I's Bluff on Buttahatchie creek and on Wilson's 
creek near Friendship Church. 

Westward from the Military road, the clay <terri- 
Hloi^ continues to within 10 miles of Aberdeen, where 
level Inud and white sandy soil set in. 

Gattman is on the ^klississippi State line, and just 
west of it across' Buttaliatchie is Greenwood 8prinf^s,4 

tiles from Quincy in Monroe county, Mississippi. 
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One and a half miles »«>iitli of these BpriugSj there 
i« a railrijad cut 85 fi*t*t in depth, the largest cut on 
the road, ( K, V. IL & Bj IIU miles from Birnimg* 
ham, lu tliis eut we find the fullowjug settiou: 

YeJ low Joum *.,**.. , . * ♦ ,.,-*,.., S feet 

Vel luw sa ad ..,**.... . »,,.,* *.,.** *...*..,, 15 feet 

lellciw fludd with sireaki of clay. .*,....... n feet 

Blue rolcAecotia cta/t Humple Xo. Jl, A. ..,...,.. . 5 feet 

Half a mile further west another section : 

Tell<>vir clay , ,*.,.,,.,., ... - * * . . . . . * . . , 5 feet 

FerroKlnotin sandBtotie, used for ballast. IQ f#et 

Yellow fttttid ,..,,. ♦ , , 20 feet 

IMay with ifandf lay era , , , - 1 ^ - - 8 fe^t 

Comiiact b'ue mleci<^«4)ua clay, liUndy. ,...,.....-. 12 feet 

At mile iHJ»t 111, the section is : 

H«d clay. . . . 10 feet 

Batided red and wUri^ r ay, . . . , . , 10 feeb 

Tore, JHtnd ...-...*» ...... ,,,,,.,.,,,, 10 fe^t 

Half a niile west of the 111 mile post, the section is: 

Ik**! li>am of the l^tiiyette formation 5 feet - , 

HrUlJt yellow «and , . 30 feet 

l.'luy . , S feet 

i^lght yttllow sandy rlay. ..... ................ 20 feet 

lied aud white clay. ..,,...,,.,.. .,..,..,,,.. 5 fe«t 

Near the State line, on the Kansas City, Memphis 
and Biruiin^haiii Itailroad, 3 miles from Sulligent on 
the west si<le of Buthihatchie a pottery lias been oi>er- 
ated. At Bnlligent^ Fleming W. Cribbs has lately 
started a pottery, lie is a son of Peter Cribbs and 
nephew of Daniel Cribbs, His clay bed is one-half 
mile east of Sulligent and is 4 feet thick, and white, 
fie says that h^s father carried on the business from 
1838 to 1853 when he dicnl, and \\m widow «*ontinned 
the work to 1803^ his aceonnt agreeing with that of 
the negroj Captain^ nearly as to time of operation, 
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but placing it iu entirely different decades. He has 
orders now for 5000 galloDB (jiig^) from Birmingham 
and Bessemerj at eight cents a gallon. He has two 
hogbaek kilns with a capacity of 80U jugs each. His 
clay is found in a was^hed out old road and is overlaid 
by 10 feet gravel, 

Kre has a jKjttery, 6 luileH north of Millville, Detroit 
P. O- Davidson Brothers have one also in m.me neigh- 
borhood. Lloyd has one near the Mississippi line in 
Itawaiiiba eounty. These compete with potteries at 
Holly Springs, Mississippi^ and Piuson's 12 miles 
from Jackson Tenn., for the West Tenn. and Miss, 
trade. From State line at Gattman itio Glenn AUen^ 
clayB are very abundant and of fine quality all along 
the Kansas Citv Bail road, and this is destined to be 
an important center of trade in aU kinds of clay 
mauufaetnre. Beaver Creek flows nearly weat, par- 
allel with tlie railroad. Beaverton is a station on Sec- 
tion 17j Township 13^ Bange 14 west One mile west 
of William Brawn^s place, Section 10, and on Ed* 
mund Barnes', Section IG and on Ira Sizemore's, Sec- 
tion 17j clay abounds. Brown has ten feet blue 
clay overlaid by 10 feet cross banded yellow sand, 5 
miles east of Beaverton and 2 miles west of Guin, 
there is 10 feet white and yellow sand and underlaid 
by 3 inches of ferruginous couf^lomerate. 



^ 



FAYETTE COUN^TV. 



Over the jxreater part of the area of T^ayette county, 
the Btrata of the C'oal ^Measures are covered, to a 
diepth increasing; as we go westward^ by beds of the 
Tuscaloosa formation capped with the red loam and 
pebhlchi of the Lafayette. Among the strata of the 
Tuscaloosa there are many beds* of clay of purple, 
gray and white colors. About the Court House, a bed 
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of white clay fa reached at maiir points below a vary- 
ing thickness of overlying strata. Thus at Mr. Sam 
Appling's a bed of fine whit** clay, 6 feet io thicknesB, 
is cut in a well, and apparently the i^inie bed is known 
to underly the region about the depot. Mr. Appling' &* 
IB in Section 24^ Township 15, Eange 13 west. 

From Dr, Little- a note«, I am able to give a number 
of details of the oecnrrences of these clays. Seven 
miles from Fayette Court House, on the road to Mc- 
Collum's Bridge, is a bed of three feet thickness of 
very pure clay jhard and firm, which breaks up on ex- 
posure into nodules, and the briuq bed ^hows on an- 
other road to 'the west of this about one mile, south of 
^A'allace's Mill on Gilpin^s creek, on W. D. Bagwell's 
laud. 

Dr. Kies^ analysis of this clay is to be found In the 
report under number 67, S. 

On the road to PikevillCj seven miles from Fayette 
Court House, we have the follovving section: 

Bcction 9BE€n mitee north of CQurt House, fstfctte €o. 

Bed loam of Lftfajette. 2 feet 

Gravel 10 feet 

Clay . . , 3 feet 

Gravel. ,.,. 3 feet 

Between the depot and the Court House Dr, Little 
has observed three feet of good white plastic clay in a 
ravine on the roadsidej and the same bed is exposed 
in the ravines at many points on the eastern edge of 
the old town. Five mUes west of the Court House on 
the Vernon road, some tan yard vats were dug years 
ago, three feet into a blue clay. About half a mile 
from the depot, Mr. Joe Lindsay reports fine white 
clay, t^^elve feett below the surface, which^ he says^ 
was twenty feet thick. 

To the westwaid and southA^ estward of the town 
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along the line of the railroad, the clay shows in a cut 
one mile from "the depot On the Cohimbus ruad, four 
miles from Fayette^ a six foot bedi of clay is recorded, 
and five miles further west, at Hezekiah Wiggins' a 
bed of blue clay, four feet thick. Dr. Kies has tested 
and analyzed this clay under No. 32, H, 

Half a mile furtJier west, at Henry Wiggin's, there 
is a bored well, eiglity feet deep, which, below the 
depth of fifteen feet, ^eems to be mostly in clay. One 
fourth of a mile beyond this, near Waldrop's, a bed of 
blue clay, 10 fet tbick, shows at the bottom of a hill^ 
and fifteen feet higher up another bed appears. 

Along the road to Tuscaloosa at seven miles from 
Fayette^ and also a mile further on, clayy tliree feet in 
thickness, is exjmsed. Again in section 13, township 
IT, range 12, about a quarter of a mile from Shiriey^s 
Mill J sev^eral beds of clay are shown along a liill side. 
One of ithese beds^ a brown clay, about three feet in 
thickness, is full of finely preiierved leaf impressions, 
and below it a fine sandy clay of three feet thickness. 
This is near the 11 mile post from Fayette. 

Dr. Eies has analyzed two samples of the clay from 
this place under the numbers 68, S., and 110, and the 
reader is referred to these analyses and the remarks 
of Dr. Ries below. 

Two miles southwest of ShirleVs Mill on Dayis^ 
Creek. J. W. Black reports four feet of bine eiay in 
section 25, township 17, range 12 west. 

Near Doty's piaca one mile east of Concord Church 
and about thirteen miles from Fayette, there is the 
following section expOvSed in a gully: 

Section near Dofp-s, Faust f^ Go, 

Ued loam and sands of the Lnfayette .,...*.. ^ .. , 4 feet 

Ferruginous landfltone erust- ....... - . , 2 Inches 

White clay (No. 7, Dr. Uies) 6 feet 

Tellow sand * . . . . * * * * . . , . 5 feet 

Varl(*gate(l clay (No. 71, Dr. Rlee) 2 feet 

White sand ,.,.,.». .............. 2 fe*t 

Mottled clay, red and white .......,...,..,.,.,. S feet 
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Dr, Ries' ana I ybcs of the two clays here exposed 
may be sseen belmv under numbers 70 and 71. 



MARION COUNTY. 

Wliile tbe strata of the Coal Measures underlie the 
entire area of Ma Hon county^ yet these rocks do not 
form the surfat^e over any greAt proportion of this 
area, since they are very generally hidden, except 
alcmg the valleys of the streams, by overlying mea* 
sures of the Tuscaloosa and Lafayette formations. 
Among the strata of the Tuscaloosa^ here as in Fay- 
ette, we find many fine beds of clay. Here again, Dr. 
Little has collected many details of the occurrence of 
these clays and vvhat follows we take mainly from his 
notes, though use is made also of what has been pub- 
lished in ray Coastal Plain Report, pages 331, 332 and 
333. 

In the lower part of the county along the line of 
the K. 0. M, & B Railroad^ clays are exposed in raiL 
road cuts all the way from Eldridge to Guin. 

From New Kiver crossing near Texas P, O., on 'to 
Glen Allen J several beds of clay, of no gi'eat thickne^j 
are to be seen. A mile east of Glen Allen, in what is 
known as Stewart's Cut^ we have the following sec- 
tion: 

Ht^v^orVi Out, ttne tttile east of Glen Allen. 

Gray laminated claj with fine leaf Impressions.,. 25 feet 
Ferniginotis sandatone eruBt of irregular thickness 1 foot 
Cross beildM sanda of yellow and pink colors . * * . * 25 feet 

The uppermost of the bedSj above named , contains 
many beautifully presei^ved leaf impressions which 
are yery easily gotten out. The clay ha^ been ex- 
amined by Dr. Eies under No. 18^ S. 

At another cut, half a mile nearer Glen Allen, we 
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find twenty feet of \vtiite sand with two feet of white 
clay, and below this a blue plastic clay extending be- 
low the railroad track. 

This Band has Ix^en shipped to Memphis as mould- 
ing sand for tlie foundry. At Glen Allen, Dr. Little 
gives this section : 

Section at Glen Allen, Marion Ct, 

Brown clay . . * . * . .,.,,..,,.* .**....,,, 12 feet 

Yellow Band * 12 fe^t 

White pipe clay 2 feet 

Two miles east of Guin, on the same road. Dr. Little 
observes five fe»et of clay below a capping of red sand, 
and one mile west of Guin, (six miles from Beaver- 
ton) he gives the following section : 

Section near Q^cin, MaHQn Co, 

Cross-bedded yellow saisds ,...,, ........ ...... 10 feet 

f ^lay , , *..*....,. 4 feet 

SsDd 3 feet 

Banded clay ...,., 3 feet 

Sand ...... ..,..,..., , . .....,., .... 3 feet 

On the South Fork of Buttahatchie in the vicinity 
of Pearce's Mill, there are several occurrences of clay 
and shale worth consideration. D*". Kies collected 
81>ei:imena from near the mill and give^ his analyses 
of two samples under No. 1 and No, 2^ both of which 
he classes as refractory or flre-clays. He also gives 
his tests of f^ome shales of tlie Carboniferous forma- 
tioUj which are well adapted to the manufaei:u'"e of 
vitrified brick (No. 3). Another sample of hard and 
perfectly white clay was collected! by Dr. Little from 
near fhe top of a hill one- fourth of a mile east of the 
mill. This Dr. Ries has analyzed under No. 36, B., 
and it is classed by him as a china clay. Dr. Little 
rei>orts that, in pnlvpri7.ed condition, it is used as a 
face powder by the ladies in the vicinity. 
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It to, however, in Townships 9 and 10 and Ranges 
11^ 12 and 13, that we find the most important de- 
poritB of rlay in this connty. The tj^pieal locaU^ of 
itii ocemreijee Is at Chalk Hlaff, whicli gets its name 
fFoui the white claj. Specimens ecdlected bj nivself 
were analyzed bv Dr. Wra. B. Phillips and results 
ptiblinhed in the Coastal Plain report, page 346. Dr, 
Little's ^iample was collected on the land of J, J. Mit- 
chell, in northeast quarter of Section 8, Township 10^ 
Range 13, from a bed five feet in thickness. The an- 
alysis of this is given below tinder No. 38, S., and on 
the ^'anie page Dr, Phillips' analysis is reprinted. 
This locality gives the name to the postoffice. In the 
same cjuaji:er section. Dr. Little has collected a 
sample from Brigga Frederick's land, and the anslysis 
of this is given by Dr. Ries under No* 37. S. 

Another sample from the same locality from land 
of iirs, Susan Nelson, has been examined by Dr. Eies 
(his number 85). The same clay is reported by Dr 
Little as occurrine: southwest of Chalk Bluff at M, E. 
Gaasett's, Section 13, Township 13, Kange 10, as well 
as at a number of localities within a radius of five or 
six miles around Chalk Bluff. This clay is hard and 
white, approaching pure kaolin in composition. It is 
in a bedj five to seven feet in thickness, and needs only 
facilities for transportation to become one of the most 
valuable deposits m the State. 

Between Pikeyjlle and Hamilton, clays are of fre- 
quent occurrence, one of the^ near the former place 
and some ten miles from Hamilton, collected by Dr, 
Little has been analyzed by Dr. Riesj (No. 65, S.) 

Westward from Hamilton to the Mississippi line 
and beyond. Dr. Little reports many occurrences of 
clay of various qualities. From the vicinity of 
Bexar, three samples of clay have been collected by 
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Dn Little and analyzed by Dr, Eies, (numbsrB 12, 
40 S. aud 41 S-). The bed in this region is about 
four feet in thickness, Nos. 12 and 40 are from H. 
Palmer-s and No, 41 from Bexar, a mile further west, 
near Pearce's Store and MilL 

Near the State line on the road to Tremont».Miss., 
twenty feet thickness of clay is reported as being cut 
in a welL 

Beyond the State line, the clays coutinuej and at 
Dayidfion-s Store, Lloyd's pottery, they are put to a 
rather remarkable use^ naxnely for head sik)nes of 
graves J for which purpose they are moulded into flat 
tablets, provided with suitable inscriptions and then 
baked^ These stones appear to be qiiite durable al- 
though necessarily liable to be broken. 

A number f potteries in this vicinity use this clay 
which is about four feet in thickness^ and quite 
similar to that mentioned above as occurring about 
Gattman in Lamar county, on the K 0. M. & B. Rail- 
road. 

The Bexar variety of clay extends for a good many 
miles northward up Hurricane Fork and along Bull 
Mountain Creek, 

FEANKLIN COUNTY. 

In Franklin county the underlying Paleozoic rocks 
of Carboniferous and Subcarboniferous ages are ex- 
posed along the valleys of the stream®, but every- 
. where else are covered with a mantle of varying 
Ltliickness of the sands^ clays and pebbles of the Tus- 
caloosa and Lafayette formations. 
I As in the other counties adjoining towards the 
. southj so in this, it is in the Tuscaloosa strata that we 
find the imiwrtant deposits of clay. In parts of the 
, county, especially in the vicinity of Russellville, val- 
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u of Ii]ttoiiiie c*r 



for Mi»f jnean mmA mn wm kmag wifirfc«>d to 
tmpptj the fnri^ir^si at Sfcetkl d mmA Fy^fent^ 

AMDri^ti^l with diese of^ beds are cfojr Aorvet, 

m^ <bcy ar^ f^Jled^ wiiic^ in plae^s., ji^ld an abnn- 
4smt^ id fine white elaj.* 

Other ficefUTefieefi of the elaT9 of the Tuscaloosa 
not associated with the ifon ores, hare 
I fccOTded bv I>r, Little^ from whose notes the fol- 
lowing details have been obtained. 

On the lontbem bonodarr of the eonntj, near Sa- 
iroT poFtoffiee^ in T. 8, R, 14^ near I>t. Kilgore's Mill, 
a bed of bine plaMie clar three feet thick is noted, 
aboTe which, one hundred feet np tbe hilL is a bed of 
four feet thickncTO of red clar or ochre (red chalk), 
and jnst above this a bed fotir feet thick of pore, hard, 
white clay, like that of Chalk Bloff^ in Marion conn- 
tj. The same beds are to be seen at many points 
aroond SavoT within a radius of three miles. Half 
a mile west of Bnrieson a bed three feet in thickness 
of white clay is fonnd immediately overlyini^ the blue 
Hmefftone of the Subcarboniferous formation. Along 
the road from Burleson to Belgreen the day is ex- 
posed at several pioinm. 

Northwest of Rnssellville, on tbe road to Frank- 
fort, large deposits of white clay were reported, but 
not seen by r>r. Little. 

Near the State line, in S. 9, T. 7, R. 15, on Gilley's 
branch, occurs a bed of clay from which material Tias 
been obtained for a pottery formerly worked by ^Ir. 
Chaney, two miles east of Pleasant Ridge, Miss. 

Bob th ward of this locality, in S. 20 and S. 29, of 
T. S, R, 13, Mr. Thomas Rollins has a bed of clay four 

*Vtner BfgtoM Report, Pirt I* iii£cs 2!l lod 215. 
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feet in thicknej^s, a sample from which has been tested 
by r>i\ EieH, Xo. (\2 S. The country fo? several miles 
in all directions about Kollins' is rough and hilly, the 
liills capped with bed^ of pebbles and a ferruginous 
sands^tone rrust, but the bed» of clay, intei*stratifled 
wifh sands/seem to make up a very considerable pro- 
portion of their bulk, 

COLBER T CO UNl'Y, 

In the northern and eastei'u parts of this county 
the strata of the Snbmrboniferous formation make 
the surface, hut in the southern and western parts 
these older ftirnuitions are covered by the mantle of 
sandSj pebbles and clays of Tuscaloosa and Lafayette 
formations, the former of which carries the impor- 
tant clay deposits here as elsewhere. The best of 
these clays occur near the western border of the 
countyj as well as in the adjacent parts of Missis- 
sippi. 

The station Pe«:ramy on the Memphis and Charles- 
ton Railroad, seeuis;* to be about the central point in 
*tiiis clay region, 8ome extensive works for the man- 
ufacture of fire brick and other kinds of brick liave 
been established here under the name of the ** Ala- 
bama Fire Brick Works/' The clay is obtained from 
the southwest part of 8, 27, the northeastern part of 
S, 3, and the northwestern part of 8. 34, in T. 3, R. 15 
W, The clay appears in several beds, as shown by 
the section below, which is taken from the notes of 
Dr. Little. 

BeotiOH near Pegram_, CGJfjert Co. 

Febble« of Jarge size with saodi?. , , . 30 feet 

White (!lay, one-elgtith of a Dille from mill. ...... 3 feet 

Small gravel ....... I foot 

White flaj, mmple No. 5E>, S. *..,*.,,.,,.,.,* . 6 feet 

Saad with large? gravel overlying 10 feet 

Yellow claj, sample No. GO, S. . . . 6 feet 

White chiy 1 foot 

Purple and black day, sample No. 57, S. . . * . . 10 feet 

Gray clay, sample No* 5B.. . . .,....,. G feet 



i 




Of th/sm ^iBVB Dr. Bis hm maljied a&d tested 
Xa& 55, 56 mxmA 57; Xa 5Staiaip<iaMai hj Mm amoig 
tkediiiia daTR. miule Ae «4her i^o are ranked as ire 
di^n. The brirk fr<im this toealitr apc* used in Shef- 

W/M for liDiiii^ Uiv fuTjmcfd, ftsid they are also oaed 
br the railrtiad. ^H 

In the Valier Itqgiosis Beport^ Part I, are gif31 
three analjses of clars collected fro^a this region near 
the State line. The^^ are mb below : 



1, 2. 3. 

«mtir, ., iuSN) «-S27 X€85 

.* ,..,*.*, «fi.a22 Ttfill €6*108 

._ ..., .,, 24.T§a 111T3 I0.S58 

F^Milc «xi^, ,. txw?e S,#td 14.4T1 

Tvsmi,,. ».isa «iLsn i^eusss 

^X> A dufc frajr e^f -w-iili NMic 9C«Ks oi oTig^iilc nutter. 

The light eoloi>ed claj ( 1 ) aboTe has been seen also 
on theecmth dde of Little Monntain^ near the bottom 
of the pebble liill^. altmg the eouulT line, a few miles 
northeast uf Fraukfori, It sho^is here in an irregu- 
larij stratified ^eam beneath the inebble bed. It is 
quite pure aud white, and has oeeasionallj found use 
BE a whitewash, for which purpose it seems well 
adapted* 

^rMUer mtt^ma. ftatt t* 9i«e 180. 
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LAUDERDALE COUNTY. 

The TuBcaloosa formation, whicli carries the day 
deposit-s^ covers only the woa-tern half of Lauderdale^ 
the Subcarboniferous rocks forming the surface over 
the eastern halt The 'clays are white^ red and mot- 
tledj and generally quite plastic. Mr. McCalley given 

Bome notes concerning them* 

« 
At the Tan- Yard Spring, in the N, E. \ of the 

N. W, I of S. 24, T. 1, R. 14 W., there is the following 

section : 

B^t^tUin at Tan Yard Spring, Lauderdale Co, 

Ferrugmoua crusts. ....... ^ . . * . . ...» 1 foot 

Clfts^f somewbat BtaiDec! with Iron, uuetloua and 

pl&ntlc when w«t .......... ...... ...... 5 feet 

This clay has been analyzed by Dr, Pick el, of the 
University of Alabama^ with the following results: 

Analysis of Clay, Tan Yard ^pr^fiffi Lauderdale Co. 

SI Ilea 59.05 

Aumlna . . ► . ........ .,.,.,,... ............ 27.04 

Ferric oxide ....,,...» ..,.,,., .....* 4.75 



In the gullies, near the top of the divide between 
Is rush and Bluff' creeks, in the southwest of the 
jiortheast of S. 30, T. 1, R, 13 W., there are deposits 
of white unctuous clay from seven to eight feet thick,* 

Dr. Little's notes supi.>ly some additional informa- 
tion about the clays of this county. Mr. Wm, J. 
Beclnvith has a clay deposit four and one-half miles 
from Wright's postoffice, on Brush Creek. It is 
upon a high hill, and is five or six feet in thickness. 
The clay is of a light yellow color, and is firm* fine 
grained and smooth. It has been shipped north and 

•Valley HeglonB, Part I* page 105. 





112 GEOLOGiCAL BELATIOXS iH' AL.LBAMA CLAT8. 

mAd fur $12 a bari^U and <mn be tlrfivereil barreled, 
on the bi>at oa the Teime5«^ riTier for $1 a barrel- 
There is a reil clay^ s^uitmble for palnU belonging to 
the ^hefhebl Paint ConipanT* near the cumntv line, 
six miles from Inka, Miss. The bed is ten fi^t thiek. 
The white elav from Clings^ ale"§ Mill, Miss., men- 
tioned abi^ve in the extract fr»^ai Dr. Hilganl's report^ 
#c»mei« from loealitiet* near the State line, we&t of I^an- 
derdale county. 

In manT parts of this ei>nntT there are beds of 
white pnlvernlent silica, which hare ix'ccasioually 
fonnd use. Thus at Floreoce the Mineral Paint and 
Tripoli Company make a paint by mixing clay and 
this fioe silica together. At Waterbxx also, the same 
white silica appears, as at Eastp*>rt, in Colbert coun- 
ty* This material Ms l»een used in the manufacture 
of glass at Pittsburg, Pa. 

TERTIARY AND POST TERTIARY FORMATIONS. 

The clays from these two formations hare not yet 
been specially investigateil, the only representative 
herein contained being the tlint clay from Choctaw 
county. The material is spoken of under the head of 
Fire Clays. There is a very great abundance of this 
clay in the counties of Choctaw, Clarke, Conecuh, 
etc., in the lower Claiborne or Biihrstone division of 
tlie Tertiary. 0%-er the greater part of the Coastal 
Plain, in the river second bottom or Post Tertiary 
fonnations, there is the best of the yellow loanis 
which are suitable for the making of the ordinary 
building brick. These loams correspond in age, ap- 
proximately^ to the Plisocene clays of the northern 
states^ which are so extensively used for the same 
imrposes. Besides these second bottom deposits, 
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there are lens of pure plastic clays to be found in 
many places interstratified with tJie prevailing sands 
of the formation. Many of these clays have been re- 
ceived and superficially tested, but it is the intention 
to extend the present investigation over that part of 
the state in the near future. 
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RELIMINARY REPORT OF THE PHYS- 
ICAL AND CHEMICAL PROP- 
ERTIES OF THE CLAYS 
OF ALABAMA, 

By HsmBiCH Ru^^ Ph, D. 

The testa which are described below were made in part 
on samples collected by the writer, and in part on sam- 
ples collected by Prot Smith. In the examination of the 
different lots of clay an endeavor has been made to per- 
form such tests on the materials as would tend to give 
information of vain© to the practical clay worker. 

This therefore includes the determination of the shrink- 
age of the clay in drying and burning, the degree of its 
plasticity, the color when burned at different tempera- 
tures, the temperature of incipient fusion^ vitrification 
and viscosity, and other minor points. 

In some cases it is possible to state what the possible- 
applications of a given clay are, but in many instances- 
any one clay is susceptible of being mixed with two or 
three other clays and utilized in four or five different 
ways. The main point therefore^ is to point out the- 
properties of the deposits, so that the manufacturer may- 
find out more readily whether the State contains materi- 
als of the nature desired by him, and in what portion of 
the State they are to be found. 

It may be said in general that the results of the testa 
made indicate the occurrence of a great diversity of clays. 
in the State, ra aging from the more impure and easily 
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fusible ones to the very refractory bauzites^ which are 
unaffected by high temperatures. 

These inveatigatlous relate chiefly to those deposits 
which have not yet been worked, with a view to aid the 
development of Alabama's clay resources; and conse- 
quently little is said with regard to the industry already 
^tablished. 

Where a number in pareDthesis follows the name of 
the locality, it refers to the number in the writer's note 
book, unlees succeeded by the letter S in which case the 
number is that on the label furnished by Dr. Smith, 

The clays examined by me have been classified below 
as follows: China Clays; Fire Clays; Potters' Clays; Brick 
Clays; Miscellaneous Clays^ and a few pages have been 
added on the utilization of clays, in the manufacture of 
Portland Cement. 

CHINA CLAYS. 

China clays might include those used in the manufac- 
ture of porcelain and white earthenware, and of these, 
two grades are recognized,!, e., kaolins, or china clay 
proper, and ball claya The former possess little plastici- 
ty, a low percentage of fusible impurities, are generally 
highly refractoiy and b\irn to a pure white body. Very 
few kaolins can be put on the market in the condition in 
which they are mined, and most of them have to be 
washed in order to eliminate impurities which would tend 
either to discolor the clay or to render the texture far too 
coarse. The tensile strength of kaolins may vary from 5 
to 15 IbB. or even reach 26 lbs., and the influence of this 
low strength is overcome by the addition of plastic ball 
clay, Ii:on is a very obJEctional impurity and should 
not exceed 1 per cent, indeed the less of it the better. 
Alkalies, if present as silicates, are not wholly undesirable 
for they serve as beneficial fluxes, but if contained in the 
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clay as ealphates they may cause bliHters, especially ifthe 
clay is heated too rapidly^ and the same holds trae of sul- 
phate of lime or gypsum. Many washed kaolios ap- 
proach very closely to the theoietieal composition of kao- 
linite, while others even when washed may contain a 
high percentage of total silica due to the presence of much 
quartz and perhaps feldspar. If these two accessory min- 
erals contain no iron they are harmless, especially if 
finely divided, and the rational analysis of clay is known. 
( See method of clay analysis, ) The term kaolin is usu- 
ally, and always should be restricted to white burning 
clays of residual origin. They are in most instances 
highly refractory, but they might also be of such compo- 
sition BB to bring about fasion at a low temperature, and 
at the same time burn white. It is the absence of plastici- 
ty in kaolins that necessitates the addition of ball clay, 
but some manufacturers use only the ball clay, mixed 
with quartz and feldspar for making porcelain. The 
last two minerals are indispensable ingredients of white- 
ware mixture, quartz being added for the purpose of pre- 
venting excessive shrinkage^ and feldspar on account of 
its easy tusibility binding the mass together. 

China clays should contain a low percentage of iron 
Qxide, in fact the less the better, for in burning this com- 
pound tends to color the clay yellow or red. While the 
percentage of iron oxide should be under 1 per cent, 
nevertheless many of the best china clays used contain 
1,25 to 1,36 per cent, of iron oxide. This production of 
a yellowish tint from such a quantity is prevented in two 
ways, first by adding a small amount of cobalt oxide to 
the white-ware mixture, or secondly by taking advantage 
of the fact that when the kiln, iu which the ware Ib 
burned, is heated to a high temperature the fire tends to 
act reducing, thereby changing the iron coloration from 
yellow to bluish or bluish gray, and making it less no- 
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Ball cUyB are ased to mix with kaolin in the manti- 
£actore of poroelain and white-ware in order to give plaa- 
ticity to the maas. They should be as free from flexing 
tmpaiitiee and mineral fragments as po^ible, and some- 
times have to be washed. They generally barn nearly as 
white as kaolin. Ball clays should have a good tensile 
strength, not less than 60 lbs, to the square inch. They 
are often dark brown or even black from the presence of 
aba ndant organic matter, but this color disappears on 
beating. This organic matter exerts no other effect on 
the clay than to increase the plasticity and air-shrinkage* 

The Alabama clays incinded under this heading are 
those which burn white or very nearly so at a moderate* 
ly high temperature. Many of the specimens examined 
are quite siliceous, and consequently exhibit a low 
shrinkage in burning, while nearly all of them are of 
sedimentary origin, a few, such as those associated with 
the bauxite deposits, having an origin iu common with 
them. 

In respect to their geological relations the china clays 
here reported on come from three horizons, (1) the Cam- 
brian and Silurian limestone, e. g. No, A. S. from Rock 
Run; No. 190 from near Gadsden; and No. 205 from 
near Kymulga, in Talla^iega Co. (2) the lower Sub -car- 
boniferous cherty limestone; e. g. Noa B. S; 128, and 214^ 
from Willis' Valley, between Fort Payne and the Georgia 
state line. (3) the lower Cretaceous or Tuscaloosa forma- 
tion, e, g. No. 38, S; No. 85; No. 37. S from Chalk Bluff 
and vicinity J Marion county: No. 37. S from Pearce's 
Mil], Marion county, and No. 56. S from Pegram in Col- 
b'='rt county. 

Of the above, only the clays from Will's Valley have 
been regularly mined* 
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CHINA CLAY. 



PEOM DYKE S ORE BANK, ROOK RUN, OHEROKEB 00, 

(NO. A. S.) 

A white, soft, gritty clay, Whicti slakes easily in water. 

The clay requires the addition oi 30 per cent, of water 
to meke a workable mass, which is quite lean. Brick- 
lets made from this shrunk 4 per cent in drying and an 
additional 12 per cent, in burnings making a total 
shrinkage of 16 per^>ent. 

The tensile strength of the air dried briquettes is low, 
being only 9 lbs* per square inch on the average, with a 
maximum of 12 lbs. per square inch. 

Incipient fusion occurs at 2000 degrees, F. The clay 
bums to a hard, marble like, dense body with a very 
faint bluish tinge at 2100 degrees F- 

The analysis of the clay is as given below, 

_^Anttly9is Of Uhifm OlaVf Book Bun^ 0hen>Jce9 Oo. {No. A. fif.) 

SlUca , - 80.50 

AlumlDB 2<.55 

Water 7,20 

Ferric oilfie ...... 30 

Lime N. - , ..... . ......... .90 

Magnesia .......... ...... .......... .65 

Alkalies 2.70 

Molstare ...*.., .. ....... .TO 

99.50 

Total fluie?! .............. 4.55 

SpeclUc eravLt? 2.52 

The rational composition is 

Clay HtJbstaiice ........ 70.SO 

Quartz .^ .......... 18.00 

Feldspar ,,.,.., ........ . , , ."^ , , , .,..,,, J2.20 

loa.so 




A bard white clay, plainly stratified, due to the abnn- 
dance of many white mica scales arranged parallel with 
the bedding. It is fine grained with a small amount of 
fine grit It slakes very slowly breaking into scaly frag- 
ments. 

When ground to pass through a 100 mesh sieve it re- 
quired 18 per cent of water to mix it upj and give it a 
mass which was only moderately plastic, owing to the 
high amount of mica which it contains- 

The air shrinkage of the clay when thus mixed is 
5 per cent. 

When burned to about 2200^ F, the color was pur© 
white, and the total shrinkage 8| per cent, but incipi' 
ent fusion had not been reached. 

At 2350° Fj the color was white, and the total 
ehrinkage 11 per cent 

In both cases the bricklets showed a tendency to 
crack in bumiog. 

Incipient fusion occurred at cone 27 in the Deville 
furnace, but at cone 30 vitrification was not complete- 

If used by itsdlf it would probably not be safe to use 
the clay in its raw condition above 2250° without devel* 
oping a yellowish tingCj although this migh not be no- 
ticeable when ball clay and quart2 and feldspar were 
mixed. 

The mica interfera with the tensile strength just as 
it did with the plasticity, so that the former did not ex- 
ceed 15 lbs. to the square inch and varied between that 
and 12 lbs, per square inch. 
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The chemical analysis of the material is as follows: 

Analysis af China Clau neor K^mulffit, TiiUadeffa Co. (No. 20B*> 

Stllcft . . , - * * ^ ..,...*. 50.45 

Alnmloa ,,..-»,.. ..»*., * ^ . . . . ...,,,,.,, 35.20 

Ferric oxide , . * . . , . . .SO 

Lime ,-... ^ 00 

MAgtiesla ..**,*,* ........... . , ^62 

Alkalies 

Ignition ..,..*..... ..... 12.40 

100.07 
Total flmxM . , 2.02 



The clay would no doubt work for the manufacture 
of white tile; or white earthenware, but could not be 
used for porcelain without being washed. 



(No. B. S.) 
CHINA CLAY, 

EUREKA MINE, DEKALB CO- 

It is whitish clay, with little or no grit, and of re- 
markable purity. In water it breaks up slowly to 
email grains. 

It took 33 per cent, of w ater to temper itj and gave 
a lean mass^ which shrunk 2 per cent, in drying, and 
an additional 6 per cent. In burning, giving a total 
ghrinkage of 8 per cent. Air dried briquettes of the 
clay had an average tensile strength of 25 pounds per 
square inch, with a maximum of 27 pounds. 

Incipient fusion occurs at 2300° F, vitrification at 
2500^ F., and viscosity above 2700^ F, 

The clay burns to a very w^hite, smooth body. 

An analysis of the clay gave the following results: 
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Analf/H9 of China Glau^ Emreha Jfltiw, DeK^lt Co. (No. B 8.) 

BJllCft ,.,..., 4T.00 

AJumlnii * , * *' 88,76 

Water .,..., 12.94 

CJaj base , , . »8.69 

Ferric oxide .«».>*• ,,,*•< ^ ^ • .91E 

Lime *,. .70 

MaKiieBla , . « . , . ^ . . ..;,... * • * . « tr 

AlkaUee .*....*.* .*...*♦<.. ,.*+.,,, »,,»,.. tr 

I00.S8 

Total Quxei ...*...., , , . ,,...,... *,♦,,** 1.65 

Specific gravity ,.*..... ....... 2.84 



This clay approaches cloBely to kaolinite in its 
composition. 



(No. 128.) 
CHINA CLAY, 

H. H* GHIFFIN, EUREKA MINS. 

This is a white clay^ which represents the best qual- 
ity obtained in the mines of H. H. Grifflnj fonr miles 
northeast of Valley Head, 

It is a very gritty, lean clay, which took 38.50 per 
cent, of water to work it np. 

The air shrinkage was 3| per cent., and at 2250* F. 
it had only shrunk 6 per cent, and barely showed 
signs of incipient fusion. Vitrification takes place 
at 2800"* F. The analysis of a clay from this locality^ 
from what is known as the Eureka Mine, and made by 
A, T. Brainard, was kindly furnished to the writer by 
Mr. Griffin. It is as follows: 
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Anal^^ of Chirw Olau, Eureka M^U^ D^aW Oo. 




■ 


SlUcA ... ...... ES 


, 63.7300 


^1 


Ainmlna - , i . . , * , t * * * «. * . ^ ^ , * ^ « « 


. 34.53&0 


^^H 


Ferroua oxide , . , . . 


.8530 


^^H 


Lime .,.♦,.. p 


.4144 


^^1 


Mae^neslfl .*_.,.♦,, ........ . , 


.3420 


' ^^H 


^^^_ Alkallea ,•,.,. 


tr 


^^H 


^^^^h Bnli»txurlc add . , . . 


.2018 


^^1 


^^^^V FhoHpJiorlc acid .............. . ^ * . , , » , 


.0622 


^^H 


^ Ignition ._,*.,.., 


. 12.28 


I 


102.4124 


Total flDX€« ...... ...... 


i.eod 


■ 


The following analysis of sample collected by writ- 


■ 


er from the mines in 1897, gave the following : 


H 


Analif^ of Chiwi CUiy, EureJ^a Minet, DeKalh Oo, {No. 


12S.) 


H 


SiUca .*.. 


. . . 82.11 


^H 


^^^^^ Alumtna ....... ^ . . . ....... 


. . . 11 41 


H 


^^^^B Ferric oxide . ^ 


... 1.40 


^^^^H 


tr 


H 


^^^H M&gnesta . . . 


.•61 


^^^H Alkallea 


. . . 1.80 


^^H 


^^^H Iffnltlon 


4.001 


^^H 


^U 


4.001 


■ 


101.382 


^^^^^P Tnfat Unworn 


S-S« 


m 


^M The rational analysis gave. 




^^^^1 Cla? aubetance . . 


. . . 20.20 


^H 


^^^^P Qoarti ...... . . 


. . . «e.2o 


^^H 


^^^^^ Feldipar ...» 


. . . 10.40 


4 


M.BO 


^m Tlie feldspar percentage influences the fusibility of 


H 


V this clay, and the difference in the two 


qoantitative 


^1 


H analyses is due to the latter having been 


made on an 


^^ 


H unwashed sampla 


' 
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^ (iJo. 214,) 
CHINA CLAY, 

FROM F. Y, ANDERSON^ NBAB FORT PATNE^ PEKALB CO, 

This clay is rather sandy in its nature^ unless 
ground extremely fine^ the granular character being 
due partly to the halloysite which it contains. 

It slakes very slowly and incompletely, and took in 
its air dried' condition 30 per cent, of water to work 
it up. 

The air shrinkage of the bricklets was 7 per cent At 
cone 27 in the Deville f urance, it was white and show- 
ed traces of incipient fusion. At about 2350° F*, it 
burned white without a trace of yellowish color, and 
wHh a total shrinkage of 11 per cent* 

It is evident that this material could be used in the 
manufacture of white ware. It wouldj however^ take 
much grinding to develop its plasticity fully> 

The tensile strength was from 60 to 65 pounds per 
square inch when the material was ground to 60 mesh, 
and the briquettes are vei*y constant in strength. 
With finer grinding the tensile strength would very 
probably increase. 

The chemical analysis yielded : 

An^U**M ^f OUna €Uu, F, Y, Anderson, DeKalb Oo. {No, 214.) 

Bllica ,,.. 53.50 

Alumina 84.45 

Ferric oxJde 21 

Lime . K . . . . ..,.>.., ........ ... . . .SO 

Magnesia ......... ........ trace 

A]kaH«B , ,21 

IgBltlon 1B.20 

101.87 
Total iuzefl ... * . , , , , . , ,72 
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(No, 38 S. ) . 
CHINA CLAY, 

J, J. MITCHELLS, CHALK BLUFFj MAEION CO. 

Pure white, fine grained clay^ brittle when dry, 
and with conchoidal fracture. I't slakes easily in 
waterj all of it passing through a 60 mesh sieve and 
most of it through a 100 mesh one. 

The clay ground to pass through a 30 mesh sievej 
and mixed with 24 per cent, of water^ gare a lean 
mass whose air shrinkage was 4 per cent* and an addi- 
tional shrinkage of 3 per cent took place in burning, 
giving a' total of 7 per cent. 

Air dried briquettes of the clay gave the usual low 
tensile strength of kaolin^ the average being 15 pounds 
per square inch^ with a maximum of 17 pounds per 
square inch. 

Incipient fusion occurs at 2300** F.j vitriflcation 
at 2600' F,, annd viscosity at 2700' F. 

The clay burns to a clear white body. Its composi- 
tion is as follows: (No, 1 being by H. Ki^ and No. 2 
by W. B. Phillips. No. 3 is the composition of pure 
kaolin given for comparison. ) 



Anatyaet of China Clapt Chalh Bluff, Marion 0&. 

1 2 

Silica 47.25 47.20 

Aiumlpa 35.50 37.70 

Water ,... 13.35 li,24 

Ferrle oxide 2.5S is 

Htne tr tr 

Magnesia tt If 

Moi&tufe . ..... .50 tr 



loo.ie 



Total flaxes ( !) . 
Specific graylty . 



90.20 



S 

40.30 
30.80 
18.90 



100.00 




irater to mjx it op. The te 

low, being oiiIt 15 ponndjs per sqnrnre htdi. The air 

ehriDka^e is 4 er eent. 

At 2200' Falir. die total slmiikage wm 10 per eeat 
At 2350*, it was 15 per ceDt-, and the bricklet ineipl- 
entljr filled, with a reUowish white color. 

At 2500'', the total shriiitage was IS per cent. The 
color was jellow. Vitrificaton occurred at 2700" F. 

In the Deville famace, at cone 27. the day was 
eearlj viscous. 

No analysis was made of this clay. 

(No. 37 a) 
CHINA CLAY, 

BUIGGB FREDEEICK^ NELVE CHALK BLUFF, HA£ION CO, 

This was a fine grained day, 90 per eent of it pas- 
sing through a 60 megh sieve. The clay took 25 pei 
cent, of water to be worked up^ and even then was 
lean and granular, fine grinding being necessary to 
develop proper plasticity. 

The air shrinkage was 2i per cent and tlie fire 
shrinkage was the same, giving a total shrinkage of 
5 per cent in the case of a sample gi'ound to pass 
through a 30 mesh sieve. 
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The air dried briquettes showed an average tensile 
strength of 14 pounds per square inch, and a maxi- 
mum of 16 pounds. 

Incipient fusion occurs at 2300"" F*, vitrification at 
2500° F., and viscosity above 2700'' F. TKe clay 
burns to a white but somewhat porous body. 

Its composition is as follows : 

Analysis of Uhifift Vlay, Brigg^ Frederick, Mf^Hon Co. (No. 37, @.) 

Slllcft* , , 85.49 

Alumlim . ..,,,,... 24,84 

Water,, ^ 7,50 

Ferric orlde , . , , . tr. 

lilme ...... 1,26 • 

MagDesla .,.,,,., *..... , ♦..,,,,,.,. , , , , . tr. 

Alkalies ........ ,...,,., ....... tt. 

Moisture .......... , . . * . ..*... .30 

Q9.3T 

Total fluxes .., 1.26 

Speclflc grarlty .....* , , . ,...♦,,... l.Ti 

This clay is y^vj low in ipon^ and the small per* 
centage of lime is no detriment. 

(No. 36 S.) 
CHINA CLAY. 

PEAItCE'S MILL, MABION 00. 

A hard» porous, coarse grained, gritty clay, which 
in water breaks up slowly into angular fragments, 
each of which in turn keeps splittiag. 

Twenty -five per cent, of water was required to work 
it- up, but it is very lean. The air shrinkage was 3 
per cent, and an additional 12 per cent in burning, 
making a total of 15 per cent. 

The tensile strength of air dried briquettes varied 
on the average 12-14 pounds i>er square inch with a 
maximum of 20 pounds per square inch. 
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Incipient fusion occurred at 2300° F.^ vitrificatiott 
at 2500° F,, and viscosity at otcp 2700*" F. 

The clay burns at 2300"* F. to a very white body. 
The iinalysis of it yielded. 

Analffsia of China Clay, Pec^oe'$ Mill, Marion Co. {No. 36, B.) 

BIJIca (cqtQbLii«<3> .,,.,... as.60 

Alumina - - 32.50 

Water. * 11.06 

Clay base .- * * • 82.1B^ 

Silica (free)... *» *,... 17.68 

Ferf ic o^de ... ..... . . - ,.,...*....... .20 

Lime ♦ * tr. 

Magnefltft tr. 

* AlkaJies .... tr. 

Molfltnre ...-..,, ,,<..,*...... . . . . , .20 

100.03 

TotAl fluxes » . , «... ,20 

Spedflc graylty 2.8S 

With wasting, tlus clay would probably he well 
adapted to the manufacture of the highest grades of 
pottery. It contains less fusible impurities than most 
of the kaolins used' in this country, and the probabili- 
ties are that if the deposit were constant in its char- 
acter it might not require washing. 



(Ka 56 S.) 
CHINA CLAY. 

PBGEAM^ COLBERT CO, 

A fine grained^ whitish^ homogeneous but not very^ 
dense clay with a smooth fracture. 

In water it slakes slowly to grains under a sixtieth 
of an inch (1-60 in.) 

Thirty per cent, of water was required to make a 
workable mass, which to the feel was quite lean. 
The air shrinkage of bricklets made from it was 7 pesr 
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cent., and 4 per cent, in bnrningj making a total of 

11 per cent. 
^h The tensile serength of the air dried briquette was 

quite lowj being 40 pounds per square inch on the 

average, with a maximum of 53 poundB per square 

inch. 

Incipient fusion occurs at 2200" P,, vitrification at 
^5400° F., and viscosity at 2600° F. 
^r The clay burns to a white body whicli is hard and 

dense, the following is the analysis of the clay* 

tnal^sis of China Ctuy^ Pegram^ Colbert Oo. {No. 56^ S,> 

Total SUIca...., .. ,. . , 64,00 

Alumina , . 26,25 

Water ,♦ S.OO 

MoiBtur« ........ ...... .00 

Ferrl<; aitde tmce 

Lime ........ trace 

MflgneBla . ......... .,,,.,..,,. tr«.ce 

L^ PC fil n ,. 34.40 

Specific gtflVSty 2.35 , 

The material is to be looked upon as a white-ware 
clay of good grade^ from which the sand could be re* 
moved by washing if necessary. There are practical* 
h no published analysis with which this agrees verv 

I closely^ but a comparion is not necessary as the purity 

I of the Fiatenal is self evident 



FIKE CLAYS 

The term fire-clay is applied to those clays which 
will resist a high temperature without fusing. 

Fire elay^ are of two kindsj flint clays and plastic 
clays. 

The flint clays generally approach kaolinite in com- 
position, but have no plasticity^ or at the most a very 
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i^liflht degree of it. They are generally of a highly 
rt^fractory nature, their fusing point being commonly 
above 2700"* F, and their shrinkage in drying and 
burning is extremely low. They therefore make an 
excellent grog to add to the more plastic clays for the 
purpose of reducing their shrinkage, Flint claya 
have thus far not been found in Alabama, except 
in Conecuh, Choctaw^ Washington, Clarke and 
Monroe counties. 

Plastic fire clays are widely distributed and are 
especially abundant in the Coal Measures of many 
states, but they may also ocsur in the Cretaceous 
and Tertiary formations. Those of the Carbonifer- 
ous are often of a shaly nature and to be ground be- 
fore their plasticity can be brought forth. 

The requisite qualities of a fire clay vary some- 
what according to the use to which it m to be put, and 
it is still a disputed point, just what temjierature the 
fusion point of a clay should exceed in order to be 
classed as a refractory one. As it now stands, many 
American clays are unfortunately and erroneously 
classed' as fire clays which can not withstand a tem- 
erature of more than 2300" or 2400" F. Many of the 
New Jersey fire clays require a temperature of from 
2500' to 2600° F, to burn them,* The fire clays of 
Missouri fuse at from 2400'* to above 2700°, 

No arbitrary line can be drawn between refractory 
and semi-refractory claySj but if such a division were 
made it would seem advisable not to call any clay re- 
fractory which is affected by a temperature of less 
than STOO*' P, Many of the Alabama fire clays con- 
form to this definition, 

TVTiile it is desirable that fire clays should posses 
good plaBticity and low shrinkagey the main point Is 
their refractoriness. It may be said in general that 
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the fusible impurities of a fire clay should not exceed 
3| or 4 per cent., but these limits may be extended 
somewliat in either direction depending upon the 
nature of the flux and whether the clay is fine or 
coarse grained. 

I The shrinkage of a fire clay in burning may often be 
counteracted by the addition of grog, 1. e. sand^ 
ground fire brick, or similar substances, Fire clays 
which are too fat and plastic are likely to crack in 
burning, but at the same time they give a dense body. 
It is desirable that any burned clay or grog which is 
m'xed with the raw material should have preTiously 
been burned as dense as possible. Fine grains of pow- 
dered grog permits the brick to shrink more in burning 
than the course and bricks with the latter generally 
stand changes of temperature better. Next to burn- 
ed clay, quartz is perhaps the most important grog, 
and flint clay serves a simila'* purpose. 

If a fire bri(*k made onlj^ ui clay and clay gi'ogs 
still shrinks when placed in the furnace, sharp quarts 
grains should be added, as they have a tendency to 
expand on repeated heating. Fine grained quartz 
sand should in no case be added if the brick is to be 
exposed to higli temi>eratures, for in such cases it 
tends to flux the clay in burning, furthermore the 
addition of coarse quartz must also be wathin limits 
for if in too large quantity the quartz grains loosen the 
brick by their expansion* A good fire brick is some- 
times made by mixing a non-plastic refractory clay 
with a very plastic dense burning, semi-refractory 
one. 

No fixed rules can be laid down to govern the 
selection and valuation of a fire clay for the reason 
that the use to which it is to be put determines its 
qualities to a large extent. All fire clays should 
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remst a hjgii temperature. Bome are used in sttiiar 
tioiiB requiring resistance to heat and these must be 
eoaree grained. Others when burned into bricks 
musft resist corroBion and consequently should bum 
to a dense product^ as in the case of glass pot claja^ 

Fire bricks, — These should show a resistance to 
high temperatures, and also the fluxing action of 
ashes from the fuel, which contain carbonates, sul 
phates^ and phosphates of the alkalies and alkaline 
earths. In addition they should withstand the cor- 
rosive action of fused metallic slags, alkalies, and 
glasses. 

The density of the fire brick is often of great im- 
poi tance espeeialli^ where it is to resist the corrosive 
action of molten material. The fat plastic clays are 
those which usually burn to the most dense body, but 
ie doing so they frequently crack to such an extent 
that grog has to be added to them. 

PorouSj coarse grained bricks on the other hand 
stand heat better. 

The fire-clays below reported) on come from foor 
geological horizons, viz., (1) The Cambrian and 8il- 
urian limestone formations of the Coosa Valley regi- 
on; No, 191 from Peaceburg, Calhoun county; No, 127 
Stmens, from Oxanna^ Calhoun Co.; the refractory 
clays of Kock Run, Cherokee Co.; and the bauxites 
from the same locality, (2) The cherty limestones 
of the lower Subcarboniferous formation of Wills' 
Talley; No. 117 and 116 from the Montague mioeSj 
and No, 119 from ne^r Valley Head in Delvalb 
county. (3) The Tuscaloosa formation of the ].ower 
Cretaceous, No. 112 from Bibbville, and No, 111 
from Woodstock in Bibb county; No. B from near 
HulPs Station^ and No* 118 from near Tuscaloosa in 
Tuscaloosa county; Noa. 1 and 3 from Pearce^s Mills 



FIRB OLAYS, 



im 



in Marion county and No. 57 S. from Pe^am in Col- 
bert county, (4) The lower Tertiary formation, No. 
C S from CTioctaw county. Of tliese only the clays 
from BibbTille and Woodstock have been regularly 
mined. 




(No- 191, ) 
PIEE CLAY. 

PEOM PBAGEBURGj NEAR ANNISTON, 

A grayish white clay of very fine grain, and contain- 
ing a noticeable amount of very fine mica scales. In 
water it slakes moderately fast. 

Twenty-five per cent, of water was required to 
work it up, and the resulting mass was rather lean^ 
and had a somewhat flaky structure^ which interf er- 
red' with the development of the plasticity. 

Brickie ts made from the mixture had air shrinkage 
of 5 per cent* 

When burned to about 2100° F. the total shrinkage 
amounted to 10 per cent, the clay was white with a 
faint tinge of yellow and the brick was stUl very por- 
ous. At about 2250° F. incipient fusion has barely 
been reached, w'th a total shrinkage of 13 per cent, 
the color being white tinged to a noticeable extent 
with yellow. At about 2300° F, the bricklet burned 
cream color, was incipiently fusad, and the' total 
shrinkage amounted to 15 per cent 

In the DeviUe furnace the clay vitrified at cone 30, 
but did not lose its shape. 

Owing to the leanness the tensile strength was very 
low^ and ranged from 20 to 25 pounds per square inch. 

The cheoaical analysis of the clay gave : 
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BJUca . . ., , Ul*«> 

AtOfulEia ^ .......,, .,.,... 19.110 

Ferric oxldi. .99 

iJme ...... ,.-..,. , 2a 

Miigii#il4 i, *,,,.* ^,. .,, ,,,..>> ,..P.Pi,4^, .10 

Alknll«i, ,.,, 55 

IgalttoD ,d , ,,,,..,,. , ,.„ 11.30 

99.8T 
T*>tnl (»ni(*s*. ... -, .. ,. 1.87 

The low plastieity of this clay would probably inter- 
fore with its beiDg used alone, but owing to its re- 
fractory nature ami the light color developed in burn- 
ing it could no doubt find use as an ingredient of 
other clay mixtures. 



(Na 127 of Mr, Steyens.) 
FIKE CLAY. 



FROM OxANNAj CALHOUN COUNTY. 

This is a coarse and sandy clay, which mixes up to 
a lean mass witb only 16 per cent of water. The 
t^iuallo i3trenf!fth is very low, being on the average of 
to 10 pounds per square inch, and the air shrinkage 
la 2 per cent 

The followinp: is the behavior of the day at sne- 
cessively higher temperatures. 

At 2200* l\ the color was grey white. 

At 2250* F. shrinkage 3 per cent, color buff. 

At 2300' F, slirinkagje and color same. 

At 2400* F. slirinkage 3 pej* cent, color buff, show- 
lag ipecks of ferric oxide. 

At 2500* F. the shrinkage was only 2 per cent, hav- 
ing underg\>ne a slight swelling owing to tlie very 
high quarti percentage. Incipient fusion had not 
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^curr^ np to Chis poinft The following Is the 
analysis of this €lay. 

Aiuiluti$ of Fire Clay, Oxuntta^ Calh<mn €o^ ilfo. 127, BUv^ttM). 

BiUcft - ^'> a«i 

I Alumina. 9 TB 

I Ferric oxide ,..,,,.» . » •& 

I , Lime... ..: ..,.-. 70 

I Hacnesla 14 

^_ Ignition ^. . . . 4.10 

^^m Total Snxes. ..... 1-53 

■ .™.™„™ 

^^^H OP EOCK BUN^ CHEROKEE; COUNTY. 

[ Associated with the bauxites at Eock Run are a 
number of clays, most of them of fine grained texture, 
but some showing small quantities of grit, and which 
vary in color from pure white to mottled ones, which 
at times contain an appreciable percentage of sand. 
Samples of these clays from six different locations 
have been tested, they come from whait are known as 
the Dykes old Iron Ore Mine and the Dykes Bauxite 
Mine, on the property of the Kock Kun Iron Mining 
Co. in Cherokee county. 

No* 1. is on the north side of the iron mine reserva- 
tion at the extreme western end ; No. 2 and 3 are from 
the same side of the pit^ but at points 125 and 200 
feet farther east reei>ectiTely ; No* 4 is from the west- 
ern end of the Bauxite pit and on the north side of 
the entrance to it; No, 5 is on the north side of 
the same pit and No. 6 at the eastern end of it, 

Noa Ij 2^ 3, each shcw^ a face 15 to 20 feet in height, 
and are of probably greater thickness. No, 4 is look- 
ed upon as a very low grade of bauxite. 
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The following t^ts mere made upon these sampleo: 

No, 1. This is a fine grained white clay, with a 
splintery fracture, showing iron stains along the joint 
cracks and other planes or fracture, but none in the 
interior of the maaa It slakes quickly but not com- 
pletely into angular fragments. In mixing it up, 32 
per cent, of water was required and the resulting 
mass was lean and granular. It bad been preTiously 
passed through a 30 mesh sieve, and it ground to a 
finer mesh wonld^ no doubt, be more piastic. The 
lean granular character gives it a very low tensile 
strength amounting to not over 6 poundSp 

The air shrinkage of the clay was 4 per cent at 
about 2200| F,^ the total shrinkage was 9 per cent; 
and at about 2300°, 18 pr cent, at about 2500^ the 
total shrinkage was 21.50 per cent, and the color of 
the burned bricklet was still white. 

When tested in the Deville furnace at cone 30 the 
form of the clay still re^nained sharp, and it was 
white in color, but shoived signs of incipient fusion. 

The compositicn of the clay is as follows : 

Analy8i9 of Fire Clay^ Rock Bun, Oherohee Co. (No. 1.} 

SlUca,..,. .... 47.00 

Alnmina S8*T0 

Ferric oxide , . , , , , ,....♦ 1*10 

LJme , , 1.30 

Magnesia . , . * * * . , ... ..... ...... tr^oo 

Alkalies , , , . , . . .......... .... trace 

Iffnltlon 14.20 

100.90 
Total fiuies ,, ,. i,4( 



These testa indicate that the clay is quite refraC' 
tory^ and its burning to a white color would permit its 
being used for products baving a white body. The 
high shrinkage is somewhat against it, but this could 
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he counteracted to a large extent by the addition of 
quartz and it would also be necessary to mix it with 
Bome plastic clay, if it was to be molded when wet- 
No. 2. This is similar to No. 1 in its color and tex- 
ture. It is however much mora plastic than the 
other although it only required 31,25 per cent, of 
water to mix it, the tensile strength however is vei^ 
lowj and in this case bears no relation to the plastic- 
ity^ the air shrinkage of the clay is 3 per cent; at 
about 2200** F.^ the total shrinkage was 10 per cent, 
and the bricldet ^vas still absorbent although incipient 
fusion had just begun, while the color was yellowish 
white; at about 2250* F,, the total shrinkage was 14 
per centj the bricklets had an absorption of about 5.7 
per cent, and the color still a yellowish white. At 
about 2300° F. the total shrinkage was 16 per cent., 
the absorption only 2 per cent, while its color wag a 
very faint; yellowish gray ; the total shrinkage was 17 
per cent, at 2400° F., and the bricklet which appeared 
nearly vitrified, was gray in color. 

In the Deville furnace at cone 30, the form of the 
clay was still perfectly sharp, and while it was thor- 
oughly vitrified it showed no evidence of becoming 
viscous. 

The rational composition of the clay was : 

Clay fitibstance ..,.,,,,.. , 84,54 

Qaarta . ,. Ej.gO 

Ferric oxide ,.,..... ........ , ,.,,,, .26 

No. 3, This is likewise a white clay but one con- 
taining much fine grit^ not very porous, and slakmg 
quickly to a powder. It is also a very plastic clay, 
and took 36.50 per cent of water to work up, but the 
tensile strength again is very low, being not over 6 
pounds. The air shrinkage was 3 per cent. ; at about 
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3200° F*, the total shrinkage was 12 per cent*^ and the 
bricklet whits, with an absorption of 7.20 per cent 
At about 2250^ F. the total shrinkage was 13 per cent 
and the bricklet, which liad an absorption of 6.3 per 
cent was white witli a very faint tinge of yellow. At 
about 2300' F*, the total shrinkage amounts to 15.5 
per cent., the color of the bricklet white with a mere 
shade nf gray, and the absorption of it had decreaeed 
to 1.3 per cent The total shrinkage at about 2500'' F. 
was 17.5 per cent, and yiftrification had occurred, the 
bricklet being whitisli in color. 

In the Devil le furnace at cone 30^ the form of the 
clay pyramid was still erect, and while the clay was 
thoroughly vitrified the angles were still sharp and 
color whitish. The composition is : 

Analy»i§ of Fire Olay, R^ck Run, CheroJcee Co. {No, 3). 

SlUca - 72.20 

Alumina.... 22-04 

FerHc oildfe *.. ..»,, .16 

Ume 50 

Magnesia *.*..* » . . , ***..,., -40 

Alkalies V. , , - ». 60 

IguiUon ,...,... .- ..,. 5.80 

101.70 

Sand 34.52 

Total flux£B .*.....*..*.. , ...*.. 1.66 

No. 4. This clay as has already been stated is a 
low grade bauxite, it is white in color with a slight 
yellowish tinge and portions of it show a pisolitic 
structure. It slakes quickly. 31.35 per cent, of wat- 
er were required to work it np and even then the mud 
was extremely granular and very lean, and the air 
dried briquetts had a tensile strength of only 5 
pounds. The air shrinkage was 5 per cent At 2250' 
F, the total shrinkage was 14 per cent.^ the bricklets 
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Tery porous, of a wliite color with a mere tinge of yel- 
low. At 2400° F, the total shrinkage wa& 15 per cent 

In the Deville furnace at cone 27, the clay still te- 
mained entirely unaffected, but the color was grayish, 
and the total shrinkage up to this point amounted to 
26 per cent. 

The composition of the clay is : 

AnalyHs of Firt; Olutf, Rock Run, CkerQ^ee Co.j Nq. 4^ 

Silica 17.70 

Alumina 59.48 

FerHc oxide. ........ 36 

Jffnltion 22.0<| 

0d.5S 
Total fluxes , 36 

No. 5. This IB a soft whitish, easy slaking clay, 
but a very porous one which absorbs 40 per cent* of 
water in w'orking it up, and even then gave a very 
lean mass, whose tensile strength, when made into 
briquettes and air dried^ was only 5 pounds per square 
inch. The air shrinkage is 4 per cent, and at about 
2250° F, the total shrinkage was IT per cent., but the 
brickletSj whose color Tvas yellow, were still very 
porous and could be scratched by a knife without 
much difficulty; at 2400'' P., the shrinkage showed 
a total of 22 per cent, and incipient fusion began ; at 
2500" F., the total shrinkage w^as 23 per cent j the 
brick was still porous and faintly yellowish white. 

In the Deville furnace at cone 30 j the clay had 
bnrnedi dense^ w^as incipiently fused, but otherwise 
unaffected, its color was a grayish white and the total 
shrinkage amounted to 34 per cent., whicli is really 
not surprising when w^e consider the high amount of 
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combined water that the clay shows, for it is evident- 
Ij a low grade bauxite like the preceding one* 
The composition is: 

AnaljBlfl of Fire Cl&y, Bock Bun, Cliercikee Co., No. S. 

Silica , - . 31 20 

AlymlDA . ... ... 44.28 

Ferric oxide ....... .... 1^45 

Lime , 1.00 

MAgneslA. . ♦ . , 20 

ignition. ^ 22.B0 

100.73 
Total iiuicB. 2.65 

This clay is evidently a mixture of clay and bauxite^ 
as can be seen from the high shrinkage and large per- 
centage of combined water. 

No. 6. The color of thie clay is yellow, and it is 
fine grained but not hard, and shows numerous slick- 
enside surfaces. In slaking it breaks up easily but 
Blakes completely to powder only after long immer- 
sion in w^ater. The clay is very lean, and requires as 
much water as the preceding to mix it up; the tensile 
strength is also very low being under 5 pounds. The 
air shrinkage is 2 per cent*, the total shrinkage at 
2200° F, is 8 per cent. ; at 2250" F, it is 12 per cent, ; 
at 2400° F, it is 13 per cent; at 3500° F. it is 15 per 
cent.; at 2600'' F. it is 20 per cent.^ and the bricklet 
waa still very absorbent. 

In the Deville furnace at cone 27, the clay had burn- 
ed dense, but still preserved its form with sharp edges 
and showed a total shrinkage up to this point of 35 
per cent. 

The composition of the clay is as follows : 

AnQlifMia of Fire OUy^ Rooh Run, Cherokee Co,, No, a 

Silica 34.60 

Alnoiliia, , 45.80 

Ferric oilfle .... ..,,,. ...... .B2 

Ignition ,,,. 20.00 

100.83 
, Totftl llnx«« ..-.,, , , , ......,,,, .S3 
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EEFACTOKY BAUXITES. 

EOCK HUNj CHEROKEE COUNTY. 

In addition to these bauxitic clays, six samples of 
bauxite were also tested chiefly to determine their 
refractoriness and their Bhrinkage in hnming, the 
method adopted with most of them being to grind up 
the specimeuj bo that it would pass through either a 
20 or a 30 mesh sieve, the particles which did not pass 
through being also retained'. Several mixtures of the 
coarse and fine material were made. The mass pro- 
duced in every instance by mixing it with water was 
extremely low in its plasticity, and lacked greatly in 
tensile strength, the latter in every instance being 
not more than 2 or 3 pounds per square inch. 

In many cases, the bauxite showed so little tenacity 
and was so little affected by the heat that bricks 
which had been burned at a temperature of 2600° F. 
were easily rubbed apart with the fingers. Another 
point to be noticed is the enormous shrinkage which 
all of the specimens exhibited, the air shrinkage, how- 
ever, being very low. 

No. 1. This was powdered and passed through a 
30-mesh sieve, and on working uf> gave a very lean 
mass, whicli required 24 per cent, of water. The air 
shrinkage was 3 per cent, and at 2400° F. the total 
shrinkage was 11 per cent,^ while the bricklet was very 
porous and white. At 2500° F. the bricklet had not 
shrunk any more but the color had become reddish. 

In the Deville furnace at cone 30^ the bauxite was 
totally unaffected although it had become somewhat 
dense, and stowed a shrinkage of 23 per cent The 
composition was: 
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AnalpaU of Banmite^ Rtmk Bun, Vhetokee Co.j No. 1. 

Slllcft. , , , . 8.80 

Alumina. ...... .' »«,,. 61.04 

Terrlc oxide ...... , , . . , l.lo 

Lime ..... ....... .. t *.*>... . . t * i * « t ........ trace 

Ma^«ftla , t * . . . ^ ^ ..«,.,.,. trace 

Ignition.... , ...... 29.97 

100.51 

No. 2. Two mixtures were made of thiSj viz: a. 
which was 50 per cent, of grains between 15 and 
20-me8h, and 50 per cent smaller than 20-mesh» The 
bricklet made from this showed a total shrinkage of 
12 per cent at 2400' F., while at 2600' F., the shrink- 
age was 14 per cent, and the bricklet was so friable 
that it could be easily rubbed apart. 

6, The bauxite w^as ground and passed through a 
30-meHh sieve* In this condition ifc took 25 per cent, 
of water to mix it up, and made a very lean paste. 
The shrinkage of the bricklets made from this was 
about 10 per cent at 2250* P., they were very porous^ 
«oft^ and of a slight yellowish tint; at about 2400'' F. 
the total shrinkage w^as 15 per cent and at 2600° P. 
amounted to 17 per cent, but the bricklet was still 
scratched by a knife without much difficulty. In tbe 
Deville furnace the bauxite was still unefifected at 
cone 30, but showed a total shrinkage of 27 per cent. 

Its composition is: 

Am&lyH9 of Bauafiie, Book Run., Oh^ake^ Co., No. 2. 

Silica 18.30 

AlQQi:it , . . ► . .. .-..- ..-,.♦-.... 54^ 

Ferrle oilde , .,,**... 1.36 

l^ltlon.... .,.. 2T.60 

iDi.es 

72, (No. 30 Ground to pass througli a 20-me«h 
sleve^ it gave a very lean mass on the additen of 25 
per cent, of water* 
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The air shrinkage was 2 per cent. 
At 2400"* F. the brick was very loose and crumbly. 
At 2500'' F. shrinkage 11 per cent 
At 2600" F. shrinkage 18 per cent 
At 3150"* F. shrinkage 22 per cent Totally unaf- 
fected. 

Analysis of Bckutcite, Rock Run, Cherokee Co., No. 3. 

Silica 3.30 

Alumina 69.0t 

Ferric oxide 20 

Lime 

Water 28.10 

100.66 

48. (No. 4.) Three mixtures were made up as 
follows : 

a. 33 per cent, smaller than 20-mesh. 

67 per cent 10-20 mesh. 
6. Under 30 mesh, 
c. Under 20-mesh. 
All three gave lean mixtures. 

a. Took 23 per cent, water to work it up. 

b. Took 20 per cent, water to work it up. 

c. Took 24 per .cent, water to work it up. 

The air shrinkage was 6. 2 per cent, c. 1 per cent 

At 2400° F. b showed 10 per cent, shrinkage and 
the particles barely colored. 

At2500°F. 6 had shrunk 11 per cent and held; 
c 13 per cent but was very loose. 

At 2600° F. 6. and c. had both shrunk 13 per cent 
but could still be scratched by the knife. 

At 3000° F. the bauxite was unalBEected, and show- 
ed a total shrinkage of 17 per cent. 
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Analysis of BawHte, Rock Run, OheroJcee Oo*, N(h 4. 

Silica. ............. 8.30 

Alumina .,...» 60:70 

Ferric oxide '. 10 

Water 31.30 

101.40 

49. (No. 5.) Mixtures made were: 

a. 35 per cent. 10-20 mesh and 65 per cent, under 
20 mesh. Required 18 per cent, of water to work up» 

6. under 30-tQesh. Required 20 per cent, of water. 

c. under 20-mesh. Required 25 per cent, of water. 

The air slirinkage of all was 1 to 2 per cent. 

At 2550° F'. the shrinkage was 20 per cent. 

The bauxite when heated to cone 30 in the Deville 
furnace, preserved its form and sharp edges, and 
showed the faintest trace of incipient fusion. It is^ 
therefore highly refractory. 

Analysis of Bauxite, Rock Run, Cherokee Co., No. 5. 

Silica 28 

Alumina -68.14 

Ferric oxide trace 

Water 32.60 

101.02 

73. (No. 6.) A whitish, claylike bauxite. This. 
took 46 per cent, of water to work it up and' gave a 
fairly plastic mass, but had very little tensile 
strength. 

At 2400° F. the shrinkage was 10 per cent, brick- 
let still soft enough to be scratched by the nail. 

At 2550° F. shrinkage 27 per cent. 

At 2600° F. shrinkage 30 per cent., brick resisted* 
scratching by a knife. 

At 3100° P. bauxite dense, gray in color, but form 
perfectly sharp. 
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Anal^Afa 0/ Bt^umiUj Mq^ Run, oncroke^ Oo,, No, 6. 

BlUca . , , « * . « « * . . . 9.50 

Alumina... *......«, *..>• *., 61.14 

Ferric oiide , ..,,,,.. ,..,.-..,. , , trace 

LLme ...... .. . . ^ , , . t ...,,... ,..«,. « , , . , 4 * , * , tra,ce 

Magxmsla trace 

Water.... 31.20 

101.84 

The foregoing tests of the^e bauxites show a liigli 
jefractorineBs, but also a very high shrinkage which 
increases apparently with the fineness of grain. It 
is difficult to draw couclusions from six specimens, 
however J just what the relations of silica^ aJumioa, 
water and size of ^^rain are which influence the shrink- 
age. 

All of these bauxities would, of course^ have to he 
first calcined if used for refractory purposes; but 
they could then be mixed with a small amount of 
plastic clay to serve as binder and would then make 
a very refractory article. In my report I shall dis- 
cuss this point. 



(No. 117) 
FIKE CLAY. 

NEAR VALLEY HEAD, DEICALB COUNTY. 



The clay mines of the Montagues are situated about 
two mile up the railroad from Valley Head, and a 
few^ hundred feet to the west of the track. Several 
grades of clay are obtained from the mines, but they 
are not restricted in any case to certain layers. The 
following sample tested is what is known at the mines 
as the fii*st srrade, and its refractory character is not 
by any means low. 

The material is a white sandy clay, rather coarse 
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grained and containing occasional reddish or pinkish 
stains. Tliere is no mica to be seen in it. It is hard 
but very porous, and practically does not slake when 
immersed in water for a long period. 

When mixed with 35 per cent, of water it gave a 
gritty but lean mass, w^hich had an air shrinkage of 4 
per cent. In this case it had been ground to pass 
through a 60-mesh sieve. When ground to pass 
through a 100 mesh sieve it absorbed the same quanti- 
ty of w^ater but the plasticity was slightly increased, 
while the air shrinkage remained about the same. 

At 2100' F. the day burns white; at 2300° l\ it is 
w^hite with a slight tinge of yellow^, and at 2350" F» it 
is the same with fche total shrinkage amounting to 
only 4 per cent. Incipient fusion occurs at 2400° P, 
and at cone 27 in the Deville furnace the clay vitri- 
fled. 

The tensile stren-^th is very low^, not over 5 or 6 
pounds i>er square inch. 

The chemical analysis yielded : 

Analysis af FirB may, near Vattetf Head, DeE^ith Cc. (No. 117), 

anica 82.04 

Alumina...-. 12.17 

Ferric oilde - , * - * . trace 

Lime ....... ,...,, . ... . . trace 

Mai^nesia . , . , . ............ .327 

Alkaliee 60 

Ignltiai] 4.a25 

gs.462 

Total fluie^... ««* «»»» 9 27 

Spedfit^ irftvi^r.. „.....f._ *-m... 2.38 

The rational composition is : 

Claj Bubrtance --■ 31.10 

Quarts Bi.m 

FeiaspiiP " 3-0*> 

0&.9O 
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(No. 116.) 
FIRE CLAY. 

NEAfi VALLEY HBAB, DEKALB COUNTY. 

Occurring in the same quarry is what is known as 
the second grade of fireclay. This is a fine grained 
yeliowish gray ciaj containing much fine grit It 
slakes quite quickly when thrown in water^ andj when 
worked up with 39 per cent of water gave quite a 
plastic mass* The air shrinkage of the bricklets am- 
ounted to 8 per cent, which is greatyer than that of the 
first gradej which was also less plastic. The tensile 
strength seems to have increased with the plasticity 
for it amounted to 20 pounds per squai'e inch. When 
burned to 2350° F* the total shrinkage was 17 per 
cent, and incipient fusion took place^ while vitrifica- 
tion occurred at 2700° F, and at cone 27 in the Deville 
furnace the clay fused but did not run. It will be 
thus seen that it is less refractory than the so called 
first grade, which only vitrified at this latter temper- 
ature. Both are to be classed as fireclays however. 
Up to iucipient fusion, the day remains white, but 
above that it begins to show a yellowish tint due to 
the presence of iron oxide in the clay. 

The chemical composition of the clay is : 

Analysis of Fire Clay, near Valley Mead, BeKal^ Co. (Ko. 110). 

Biuca mao 

Alumltia ^ . - . 11.T6 

Ferric oxJde. * . * ■ ^ 1.T5 

Lime.... ...., *■ 'T& 

Magnesia * trace 

Alkalies 1.50 

Water,,..,.. 4.11 

fiO.ie 

Total flu^cea. ....... ..,.*. .,....,.. ...... 8.50 

Speclflc graTlty 2.3T 
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The rational analysis of the clay gave: 

CJay sabBtflnce , , » . ........ ^.. ^ ....*....».... 31.20 

Quarts **.... ,...,.,. &8,00 

Feldapor ...... *..*.,.,, ,,,,»,.. 10.80 

lOO.OO 



(No. 119). 
FIEE CLAY, 

FROM NEAB FOHT PAYNE^ DEKALB COUNTY- 

Major F. Y, Anderson has made several openings to 
the west of the Alabama Great Soiithero Kailroad at 
several points between Valley Head and Fort Payne- 

The clay found in these pits is in appearance not 
nnlike that which is found in the mines of Montague 
and Griffin to the northward. The different grades 
are recognized^. 

The second grade, as it is called. No. 119, is a 
somewhat soft, gritty, lean clay, of a yellowish color, 
due to the numerous stains of iron oxide, and when 
thrown into the water slakes slowly to a powder. 

Forty per cent of water srave a lean mass, and the 
air shrinkage of the bricklet made from this was 8 per 
cent Incipient fusion occurs at 2300° F., the total 
shrinkage at this point being 14 i;>er cent., and the 
bricklet is yellowish white. When heated t^o cone 37 
in the Deville furnace the clay showed vitrification..- 
While it is fairly refractoiy in its nature, at the same 
time, owing to the yellowish tint developed in burn- 
ing, it would not, in its natural condition, dio for the 
manufacture of white ware. It is possible, however, 
that washing might eliminate some of the undesirable 
impuritiea 

The chemical composition ^s as follows: 
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Analy8i9 of Fire (flay, near Fort Paynej Dtifiidlb Co, (iTo. 119). . 

: Silica ...'..*....• 66.25 

Alumina 22.90 

Ferric oxide. ....'. ....'.. ... . . ... '. . i . .' . 1.60 ' ' 

Lime .'..........., trace 

Magneeia.../.. i /... 1. . trace' 

AlkaHes....... .75 

Ignition 9.05 

100.56 . 

Total fluxes 2.35 

Specific gravity , 2.28 

The rational analysis yielded : 

Clay substance 40.70 

Quartz 47.90 

Feldspar ; 11.20 

99.80 

(No. 112). 
FIRE CLAY, 

FROM BIBBVILLE, BIBB COUNTY. 

This is one of the clays used by the fire brick works 
at Bessemer, near Birmingham. For use it is mixed 
with several other clays. 

The material itself, however, is a very sandy clay, 
with much coarse grit and appreciable quantity of 
mica. It is also abundantly stained with limonite in 
places. When thrown into water it slakes fairly fast 
and falls to powder. It is quite a plastic clay, but in 
working it up into a plastic mass it took only 22.6 per 
cent, of water. 

The air shrinkage amounts to 6^ per cent. At 
about 2200° F. the clay burns creamy white, and 
shows a total linear shrinkage of 9 per cent. While 
at about 2300° F. incipient fusion is reached, with the 
shrinkage the same, and the color bufif. Vitrification 
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was not attained Bntil the clay was heated to cone 27 
in the Devilie furnace, and ever at this temperature 
the clay cone remained still perfectly sharp. 

The tensile strength is moderate, ranging from 75 
to HO pounds per square inch, with an average of 102 
pounds per square inch. 

The analysis of this fire clay ii : 

AnalvsiH of Fire QUy, Bihhville, BI6& Oc*. (J?o. 112). 

Silica * T4.25 

Alunilua * ■ ^ * ■ 17.25 

Ferric oilde , l^lfl 

Lime , 40 

Magnegla *.»... « » . . tr. 

Alkalies , 52 

I^ltion ..... ........ 6l30 



09.39 



Totar dixies 2.11 

SpeelQe gravity. 2.44 



(No. 111). 

FIRE CLAY, 
ELGIN PROPERTY, NEAR WOODSTOCK. BIBB COUNTY^ 

A sandyj micaceous clay, of yellowish color, wh:ch 
hreaks up slowly, but completely, when immersed in 
water. This needed 23 per cent, of water to work it 
up, and gaye a moderately plastic mass. The air 
shrinkage amounted to 7 per cent. In burning the 
bricklets incipient fusion occurred at 2150'' P., with a 
total shrinkage of 14 per cent, and the color of the 
clay light buff. At about 2300° F. the shrinkage was 
16 per cent, and the color yelow* Vitrification took 
place at 2350° F., and at this point the shrinkage had 
increeaed to 18 per centj while the color had 
changed to grayish. Fusion tock place at 2900° P. 
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The tensile strength is moderate, and varied from 100 
to 110 pounds per square inch. 
The ultimate composition is : 

Analysis of Fire Clay, Woodstock, Bihh Co, (No, 111). 

silica ' 65.82 

Alumina 24.58 

Ferric oxide 1.25 

Lime 

Magnesia tr. 

Alkalies 60 

Ignition 8.165 

100.415 

Total fluxes 1.85 

Specific gravity 2.40 

The rational analysis firave : 

Clay substance «2.90 

z:t} _^ 

99.90 



(No. B). 

PIEE CLAY, 
AUXFORDS, NEAR HULL'S STATION, TUSCALOOSA 00. 

This is a sandy micaceous gray clay, with a slightly 
reddish tinge, which crumbles to pieces very qu^'ckly 
when immersed in water. When worked up it gives 
quite a plastic mass, and requires 33 per cent, of 
water to accomplish it. 

The air shrinkage is from 9 to 10 per cent., and at 
2000** F. the total shrinkage was only 12 per cent. At 
this latter temperature the bricklet was hard, grayish 
red in color, but still somewhat absorbent, while at 
about 2200** F. vitrification occurred, with a total 
shrinkage of 14 per cent. The viscosity occurred at 



tM DETAILED REPORT OM. ALABAMA OLAYB, 

2500"* F. Tlie ayerage tensile strength of tbe bricklet 
was 155 pounds per square incli, with a minimum of 
140 pounds and a maximum of 168 pounds, which is 
very good. 

The composition of the claj is as follows: 

AnaluHn iyf Fire day, EuWa Btation, Tuscaloosa Oo, {No* B.} 

Silica , , ...... 61.25 

Alumina , . , ...... . , ,...., 25,00 

Ferric oilde . . . . . * * . 2.10 

Lime 25 

MagneBia *■♦♦,*■■■* >.«.*.,..*,« * . .82 

AlkalleH 1.35 

IgnltlOQ 6.10 

90. 4T 
Total Bux&a * ,.,.,.*.,. 4.52 



(No. 118). 

FIRE CLAY, 
J. C. BEAK', TU3CAL00SA COUNTY. 

It is a fine grained clay, with very little grit, and of 
homogeneous structure. When immei's^d in water it 
slalces with extreme slowness. The addition of 36 
per cent, of water to the clay gives a very plastic mass 
and the bricklets made from this had an air shrinkage . 
of 12 per cenl ^M 

When burned to 2200° F. the total shrinkage™ 
amounted to 18 per cent,, the bricldet was grayish red 
in color, and very dense, incipient fusion having 
occurred. When heated to cone 27 in the Deville 
furnace it only vitrified. ^j 

The burning dense of this clay at such a ttfii Pera-.^ 
ture. and the great difference in temperature between 
the points of incipii;nt sintering and vitrification 
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worthy of notice, and show it to possess character 
closely resembling those of many glass pot clays. 
The composition of this clay is as follows : 

Analysis of Fire Clay, Tuscaloosa Co. (No. 118). 

Silica 58.13 

Alumina 24.68 

Ferric oxide 8.85 

Lime 15 

Magnesia 32 

Alkalies 1.78 

Ignition 11.78 

100.51 
Total fluxes 5.92 

The rational composition is : 

Clay substance 60.85 

Quartz 23.35 

Feldspar 15.80 



100.00 



Glass pot clays vary in chemical composition, and 
it is really the physical behavior of the material 
which it is of importance to know. At the same time 
the analyses of several other glass pot clays are given 
below for comparison. 

Analysis of Glass Pot Clays 

No. 1. 

Silica 64.89 

Alumina 24.08 

Ferric oxide 29 

Lime : 41 

Magnesia '19 

Potash 87 

Soda 16 

Ignition 0.29 




USM 






f^mw] 



(So, 1), 
FIBE CLAY, 

PEAECES Mlixa, MABIOX COtTSTY, 

Thill claj formii a bed from four to six feet tMefc in 
the rarine to the east of the mill. It isi a hafd roct- 
Jike flfiaterjal; and Trheii mined has more the appear- 
smee of a white argillaeeoos sandstone than a day. 
It ia Terj hard^ and m'hen thrown into water practi- 
cally doe« not Blake at all, bat it is rery porons. 
When i^onnd to 30 mesh and mixed with water it is 
very Iiian, bat grinding it to 80 mesh increases the 
plaHticity. In this latter condition it reqtiired 3T per 
cent, of water to work it np. The air shriakage was 
4 per cent, whereas when bamed to 2100'' F. it was 5 
IK*r cent., and at 2200" F. the total shrinkage was 7i 
per cent,, the color of the bricklet being still white 
like the original clay, but the porosity great At 
alifiijt 2300* F. the bricklet developed a slightly gray- 
itih tint, and at 2400"" the color was the same, bat the 



FIRB CLAYS. 157 

total 8hrinkt«f2^e 10 per cent Incipient fusion did not 
occur until heated to cone 27 in the Deville furnace. 
This is a very refractory clay, and one that has a 
comparatively low shrinkage, due to the large 
amount of silica in its composition. 

Vitrification occurs at cone 30 and viscosity at 
cone 33 in the Deville furnace. 

The composition of this clay is : 

Analysis of Fire Clay, Pearce's Mill, Marion Co. (No. 1). 

silica 52.95 

Alumina 35.10 

Ferric oxide 80 

Lime tr. 

Magnesia tr. 

Alkalies • .08 

Ignition 11;4q 

101.18 
Total fluxes I.73 

No. 2). 
FIEE CLAY, 

PEAROES MILLS, MARION COUNTY. 

This sample is from a second opening which closely 
adjoins Pearce's Store, and like the other occurrence 
in this vicinity, it is very gritty, being even more so 
than the first, and while the material is very porous, 
at the same time it slakes very slowly, falling finally 
to a powdery mass. The fracture of the dry material 
is hard and angular, the air shrinkage is very low, 
amounting to only 2 per cent, in the case of sample 
which had passed through a 30-mesh sieve. 

At 2350° F. the shrinkage is only 6 per cent, and 
the bricklet was creamy white in color, but still very 
absorbent. In the Deville furnace incipient fusion 
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oeearg at cone 27^ Titiifieatioii at cone 32 and Tiseoa^ 
ity at cone 34, 

The tenfiile strength is Tery low, lunging from 5 
to 10 pounds. 

The rery refractory character of this day is evi* 
dent, bnt its leanness would no doubt necessitate its 
lieing mixed with a more plastic clay before it could 
be used. 

(No, 57 SO 
FIRE CLAY, 

J, W. WILLIAMS. PEGRAM, COLBERT COUNTY. 

A black gritty clay, which slakes easily, considera- 
ble organic matter present^ but do pyrite or mica no- 
ticeable. 

It required 28*6 per cent, of water to make a 
workabie mass, which , to the feel, was lean and 
gritty. Brickie ts made of this sTirank 10 per cent, in 
drying and 3 per cent in burning, giving a total 
shrinkage of 13 per cent 

The average tensile strengtli of the air-dried 
brit|uettes was 46 pounds per square inch. 

Incipient fusion occurs at 2150° F., Titrification at 
2350' l\, and viscosity at 2500' F. 

The clay burns to a white body, slightly tinged 
with yellow. 

The following is its chemical composition: 

Annti/sU Qf Fire Clay, J. W. WiUiams^ Pegram, VQll^ert Co. {No. 57. 8.) 

Moisture 1**^0 

Silica (total) , . , ...... ........ 80.55, free sand lO.lQ 

AlUHjIna ... 10.50 

Ferric oxide. . . . . . .,...,.. ..*... 1*53 

Lime ..,.., .34 

MrtETiesta traces 

Witer and organic matter ..... 5,85 

100.47 
Totftl Btizes. ..... .,,.... . 1 ST 



L 
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(No. 0. S.) 
FLINT CLAY, 

CHOCTAW COUNTY. 

A hard, fine grainedj siliceous clay, resembling flint 
clay in appearance, but containing more silica than 
such material usually contains. It presents a 
smooth surface, with conchoidal fracture, and in wa- 
ter practically does not slake at all. 

When ground to pass through a 30-mesh sieve it re- 
quired 15 per cent, of water to make a workable paste 
and was very lean and granular. The tensile 
strength was, on the average, 5 pounds per square 
inch. 

The shrinkage in drying was 2 per cent., and at 
2300° F, 6 per cent. Incipient fusion occurs at 2300° 
F., vitrification at 2500° F. and viscosity at 2650° F. 

On ^pccount of its refractory qualities and loi»v 
shrinkage, this fiinty clay is admirably adapted for 
admixture with plastic fire clays to serve as grog and 
prevent undesirable shrinkage. The following two 
analyses, No. 1, by W. B. Philips, and No. 2, by H. 
Ries, give the composition of this material : 

Analysis of Fire Clay, Choctaw Co. (No. C. 8.) 

(1) (2) 

Silica (total) 86.30 85.70 

Alumina 5.12 6.15 

Ferric oxide l.«0 1.80 

Lime 46 tr. 

Water 6.60 7.00 

100.08 100.65 

Total fluxes 2.06 1.80 

Specify gravity 1.70 

*This is a Radiolarion clay, abundant in the Buhrstone diyision of the 
Tertiary formation in many localities in Choctaw, Washington, Clarke, 
Monroe and Conecuh counties. E. A. S. 
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POTTERY OR STONEWARE CLAYS. 



Many clays which are too impure to be used as fire 
clays are often admirablj adapted for pottery pur- 
poses. In fact stone ware clays are often somewhat 
intermediate in their nature between fire clays and 
pipe clays, that is to say they are too impure for the 
one purpose and too good for the other. 

In the manufacture of stoneware, it is highly es- 
sential that the clay should burn to a dense imper- 
vious body without recjuiring too high a temperature 
to accomplish this, and furthermore if the ware is to 
be unglazed or is to be coated with a transparent 
glaze it is important that the clay should burn t*> a 
good uniform color. In order to obtain the desired 
result it is not uncommonly the rule to use a mixture 
of two or more clays for this purpose. 

A stoneware clay should be smooth, and free from 
coarse grit^ otherwise it may be necessary to wash the 
tnaterial, and thus increase the cost of manufacture. 
The clay^ in addition, should be highly plastic in or- 
der to permit its being easily moulded without crack- 
ingj and tlie tensile strength shtjuld be not less than 
150 pounds per square inch. As the ware is to be 
burned to a vitrified body, it is also desirable tliat 
there should be a diflference of 1 6 T to 250** P. between 
the point of vitrification and viscosity, (Earthen- 
9rare clays are not vitrified. ) Excessive plasitcity is un- 
desirable as it necessitates very slow drying and burn- 
ing of the ware and consequently increases the cost 
of manufacture; while on the other hand low shiMuk- 
age diminishes the loss from cracking or warping. 

Iron is a desirable ingredient not only as it tends to 
give the body a good red color, buit in addition serves 
asafliix. Lime if present as a silicate may forma 
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desirable flux^ but carbonate of lime especially if ia 
greater quantities than two or three per cent is. 
objectionablCy and sulphate of lime is likewise not 
desired as owing to its disassoc'ation at high temper- 
atures blisters may be formed. 

A clay vitrifying at a low temperature is more 
desirable as it requires fuel to bum it. 

The pottery clays reported on are all from the 
Tuscaloosa formation of the Lower Cretaceous except 
No. 204 from Blount county^ and No. 192 from near 
Rock Run, both of which come from tte Paieazoie 
limestone formations. 

(No. 204,) 
STONEWARE CLAY 
FEOM P. S. WHITE, BLOUT^T CO. 

A yery finegrained sedimentary clay of grayish whit© 
color with occasional spots of yellow- 
It slakes easily when thrown into w^ter and works up 
to a very plastic mass with 28 per cent, of water. The 
bricklets made from this had an air shrinkage of 5 per 
cent. 

Then burned at 2200° F, it is nearly dense, cream gray 
in color and showed a total shrinkage of 17 per cent 

At 23 50*^ F. was vitrified and showed very light gray 
color and a total shrinkage of 20 per cent 

It fused at the time at cone 27 in the Devi He furnace. 

The tensile strength of the air dried briquettes waalow, 
ranging from 46 pounds per square inch to 55 pounds 
per square inch. 

The analysis of the clay yielded : 
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Analysis of Stoneware Clay, Blount Co, (No. 204). 

Silica 61.60 

Alumina 26.20 

Ferric oxide 2.10 

Lime 0.50 

Magnesia 0.43 

Allsalies 0.70 

Ignition 7.29 

08.72 
Total fluxes 3.78 

While this clay is not highly refractory, at the same 
time it has about the right refractoriness to be used in the 
manufacture of stoneware, and owing to the dense body- 
to which it burns, is excellently adapted probably to mix 
with more opened grained clays, which require a good 
binding material. 

(No. 192.) 
POTTERY CLAY 

FROM C. C. DAVENPORT, ROCK RUN, CHEROKEE OO^ 

A green clay, of extreme fineness of grain, great density 
and breaking with a conschiodal fracture. In water it 
slackens rapidly to a flocculent mass. 

It took 30 per cent of water to work it up and it yielded 
a lean aiid somewhat granular mass, which had an air 
skrinkage of 9 per cent. 

The bricklets made from this clay burn to a greenish 
brown color, and vitrify easily at about 2000° F. 

At about 1800° F. incipient fusion occurs, with total 
shrinkage of 18 per cent., and color brown. The clay 
fuses to a glassy mass at about 2150° F. 

The average tensile strength of the air dried briquettes 
was 62 pounds per square inch, with a maximum of 70 
pounds. 

The analysis of the clay shows as follows : 
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Awal^aitf of Pottery Clay, Roeh Run, Oherohee Oo. (No. 192). 

Silica .' 57.0(V 

Alnmina 17.80 

Ferric oxide 6.60 

Lime 2.10 

Magnesia 1.20 

AlltalieB «.00 

Ignition 9.45 

99.15 
Total 14.90 

The high percentage of fluxes accounts for its easy 
fusibility, and the best use for this material would per- 
haps be as a natural glaze. It is exceedingly fine grained. 
When a slip is made of it and No. 205 (clay from near 
Kymulga) dipped into it, at cone 3-4 it yielded a trans- 
parent glaze. 

CHALK BLUFF, ELMORE COUNTY. 

At this locality there is a high bluff of clay and kinnS. 
The section involves approximately : 

Beetion at Chalk Bluff, Elmore Oo. 

Sand 6 feet 

Yellow clay 4 feet 

Dark sandy clay 12 feet 

Plastic clay 10 feet 

Both the dark sandy, aud lower plastic clay were tested 
and yielded very promising results. The lower bed yields 
a stoneware clay, and the upper a brick clay. (See Nos. 
101 and 122.) 

(No. 101.) 
STONEWARE CLAY. 

CHALK BLUFF, ELMORE CO. 

This is a i eddish gray fine grained clay, containing 
much fine mica and also an abundance ai crganic matter. 
In water it slakes very slowly. The addition of 38 per 
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€€nt, of water to the air dried clay givts a fairly elastic 
unaas, aod bricklets made from this have an air shrinkage 
of 6 per cent At 2100*^ F. the total shrinkage is 11 ( ^r 
cent.^ and the color of the burned clay is s>mewhat red- 
dish. Incipient fusion occurs at this temperature, while 
vitrification takes place at 2200^ F< with a total shrink- 
age of 13 per cent., the color of the clay when burned to 
this point being a dull red. Viscosity took [Jace at 
2600°, so that the clay is not to be classed as a fire clay, 
It would probably work however for vitrified ware. The 
tensile strength is exceedingly high, and runs from 300 
to 384 pounds per square inch, and while there is con- 
siderable variation, at the same time even the lower figure 
is very great. 

The chemical composition is: 

AM^H^^^it of Bionewi^re Cltty, Chalk Btutt, Elmore €o. (No. 101). 

"^^'SSHca ^ ' 60.38 

Alumina ...... .., 2021 

F&nrlc oxide .., 6 16 

TJrue , - - - *00 

MaffDeilifl *-.. .720 

AlkftUeft- ' ■ - - • - - • 3 SO 

IgaStlon 10.21 

09.570 
Total flBTies * 8.77 



(Nos. 88 and 89,) 

POTTERY CLAY. 

mclea:n^'S, ebgewood^ elmore go. 

Considerable clay is dug for pottery on the land of Mr. 
McLean, 4 miles from Prattville, along the line of the C. 
M, R, R. This clay occurs in large pockets surrounded 
by sand, it is chiefly of two kinds, i. a, a smooth plastic 
clay and a sandy one. 

The former (No* SS) is very tough, and quite plastic. 
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In water it slakes in augular fragments, and when worked j 
requires 32 per cent, of water to develop its plasticity. 
The clay is rather fine grained^ but with a coneliidal 
fracture, and shows iron stains on its joint aurfacea. 

The tenaile strength does not appear in this case to 
stand in direct relation to the plasticity, for the maximum 
is only 56 pounds per squai"© inch, and the average 49 
pounds. 

The clay burns to a buff color, and a dense body, and 
is quite refractory. 

The total shrinkage at 2350° F. is 18 per cent. At 
2700 it is 18.05 percent. 

In the Deville furnace, at cone 30, the clay vitrified 
and showed no evidence of becoming viscous. 

The second or sandy clay (No. 89) alakfs very quickly. 
It g\^m a moderately plastic, but though not so tough a 
mass as the preceding. The tensile strength is however 
higher, being 74 pounds on the average, and 92 at the 
maximum. 

The air shrinkage is 8.75 per cent; at 2200^ F. the 
total shrinkage was 11 per cent; at 2350' the total shrink- 
age was 12 per cent. 

The clay faees at cone 30 in the Deville furnace. 

Associated with these stoneware clays is a bed of ochre 
which fuses easily to a brownish glass. Its composition 
is: 

An^lifsia of Oehre, EdgewoQd, Elmore Co. 

Silica 51.14 

Alumina . 30-18 

Ferric oiide 8.35 

Lime * . * . . . . ......... , . tf . 

Magnesia . .. . ........ tr. 

Alkalies tr. 

Ignition 10.15 
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(No. P. S.) 
POTTERY CLAY (BLUISH.) 
FROM MoLBAN POTIERY, ELMORE OO. 

A compact bluish clay which slakes rather quickly in 
water. It shows little grit to the taste. It required 20 
per cent, of water to make a workable mass, which to the 
feel was smooth and plastic. This mud shrunk 6 per cent, 
in drying and an additional 6 per cent, in burning, giv- 
ing a total shrinkage of 1 2 per cent. The average tensile 
strength of the air dried briquettes was 55 pounds per 
square inch with a maximum of 66 pounds. Incipient 
fusion occurred at 1950° F., vitrification at 2150"^ F. and 
viscosity at 2400° F. 

The clay bums to a dense, smooth, bluish white body, 
and should make a good stoneware clay. In burning it 
had to be heated slowly. 

The analysis of it is as follows : 

Analysis of Pottery Clay, McLean's, Edgewood, Elmore Co, (No, P. fif..) 

Silica (total) 92.60 

Alumina 26.08 

Water 8.e0 

Ferric oxide .72 

Lime .40 

Magnesia .36 

Alkalies .65 

Moisture 70 

101.01 

Free silica 80.10 

Total fluxes 2.13 

Sepcifly gravity 2.37 

STONEWARE CLAY 

FROM NEAR COOSADA, ELMORE CO. 

This is a moderately fine grained but somewhat gritty 
clay, which however is quite plastic, requiring 26.25 per 
cent, of water to develop its plasticity. 
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The tensile strength was on the average 154 pounds, 
with a maximum of 170 pounds. 

The air shrinkage amounted to 8.1 per cent.; at about 
2200° F. the total shrinkage was 14 per cent., the clay at 
this temperature having burned nearly dense, and the 
brick being a brown gray color; at about 2300° F. the 
total shrinkage was 15 per cent., the brick was very hard, 
homogeneous, dense, and still of a brownish gray color 
though somewhat darker; at 2500° F. the brick was thor- 
oughly vitrified, and showed a slight swelling, the shrink- 
age at this temperature being only 13.5 per cent, and the 
color remained unchanged except that it was slightly 
darker in shade. A test made of this clay in the Deville 
furnace showed that at cone 26 it had become viscous. 

The composition of the clay is as follows : 

Analysis of Stoneware Clay, Ooosada, Elmore Co. 

Silica «6.61 

Alumina 21.04 

Ferric oxide 2.88 

Lime .40 

Magnesia .58 

Alkalies 70 

Water 7.00 

99.21 
Total fluxes 4.46 

(No. 1 S.) 
POTTERY CLAY. 

H. H. CRIBBS, TUSCALOOSA. 

This is a whitish, fine grained clay with small amounts 
of grit, which slakes easily to small irregular grains and 
scales; it required 25 per cent, of water to mix it and 
gave a moderately plastic mass whose air shrinkage was 6 
per cent, and fire shrinkage 4 per cent., giving a total 
shrinkage of 10 per cent.; briquettes made of this paste 
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had, when air dried, a tenaile strength of 68 pounds per 
sqaare inch and a maximum tensile itrengih of 7S pounds 
per square incli. 

Incipient fusion occurs at 2000*^ F., vitrification at 
2200^ h\ and viscosity at 2400^ R 

The clay burns to a dense yellowish body ; the com- 
positioo of it is as follows : 

Analifsiif of Potter)/ Olai/, E. H. Orlbbs, Tmcalm»a iNo. 1, S.) 

Total Bilica fl5»S5 

Alumina. 21,80 

Water,,.., 7.35 

Ferric oxide , , . . , * , . 2.T2 

LLtne ...... ......... > , . , , ,60 

Magnesia , . . . , .......... , , ,86 

AlkaUee , , ... tr. 

Moisture . ,.,,,,,, 1.44 

Free BlUcft (sand) , 30.25 

Total §ux^ ...... *..,,..* 4.1S 

Specific graTitj ,......,,.. ........ ........... 2. 34 

Another analysis of this white clay from the Cribbs bed 
was made by Dr. Wm, B, Phillips and is as follows , 

Annlp^is of White Pla^fi^ Clo^, OHtM PJaoe, TmaaJoosa, 4 fa. 

Silica,, , .,. 62.25 

Alumina... ..,.,, ..,.,... 27.90 

Lime..... . ,,.,,,. ....... 2.86 

FerHc oxide , . , . ...... 0,10 

Lof3 at red beat , 10,00 

102.61 
Total flnxea 2.46 

If coarse grained this clay would probably work for a 
low grade of fire brickj as its fusibility would probably be 
less. It would probably work for potters clay, although 
it would no doubt be desirable to add a clay possessing 
greater plasticity and tensile strength to it. 

The comparative purposes there are given herewith the 
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tests of two Missouri clays quoted in Vol. XI of Missouri 
Geological Survey. The one has a much higher tensile 
strength however : 

Analyses of Missouri Clays, 

1. a. 

Silica 65.82 66.26 

Alamina* 22.68 20.32 

Water 7.42 7.80 

Ferric oxide 1.81 2.30 

Lime 25 .63 

Magnesia 67 .48 

Alkalies 1.72 2.04 

Total fluxes 4.45 5.45 

Incip. fusion 2000* 200o*F 

Vitrification 2200* 2200*F 

Viscosity 2400* 2400*F 

Average tensile str., lbs. per sq. in 87 122 

Maximum tensile strength 98 135 

No. 1 is from Waltman's, Barton Co., used for stoneware. 
No. 2 is from Lanigan shaft, Moberly, Randolph Co. 

In composition it also resembles 'somewhat two clays 
from Ohio.* 

Analysis of Ohio Clays. 

1. 2. 

Combined silica 25.40 27.68 

Free silica 40.81 36.58 

Alumina 21.13 22.95 

Water 6.29 6.74 

Ferric oxide 1.28 1.28 

Lime 51 .45 

Magnesia 18 .37 

Alkalies 1.80 1.96 

Moisture 1.65 2.05 

Total fluxes 4.77 5.86 

No. 1. Cooking ware clay, Laresville, Muskingum Co. 
No. 2. stoneware clay, Akron, Summit Co. 

In all of these analyses it will be noticed that the per- 
centage of alkalies is higher, but the total fluxes are 
nearly the same, except in the la«^t one. 

•O. Geol. Surv. VII, 1898. 
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In the case of the Ohio samples no physical tests have 
been made. 

(No. 115.) 

STONEWARE CLAY. 

J. 0. BEAN, TUSCALOOSA CO. 

This is from the property of J. C. Bean, near Tasca- 
looso, in S. 31, T. 20, R. 11. The bed of clay is 6 feet 
thick and overlain by 4 feet of white sand. 

It is a rather fine grained dense clay, which slakes very 
slowly. On mixing with 36 per cent, of water, it gave a 
very plastic mass, whose air shrinkage was 11 per cent., 
at 2200° F. the clay burned a pinkish brown and showed 
a total shrinkage of 16 per cent., while at 2250° F. it 
burned a grayish brown with a total shrinkage of 18 per 
cent. Incipient fusion occurs at 2100° F., vitrification at 
2300° F. and viscosity at cone 27 in the Deville furnace. 
Owing to the extreme plastice nature of the clay it was 
very hard to make briquettes which did not show evidence 
of flaws so that the tensile strength ranged from only 90 
to 100 pounds per square inch, which is probably low. 
Specific gravity 2.40. 

(No. 100.) 
POTTERY CLAY. 

J. 0. BEAN, TUCALOOSA 00. 

This is a rather fine grained clay, and at the same time 
a dense one. It contains an appreciable quantity of or- 
ganic matter which not ouly increases the plasticity but 
also necessitates slow drying and burning of the material 
The addition of 31.5 per cent, of water to the clay con- 
verts it into a very plastic mass, whose shrinkage in air 
drying amounted to 9 per cent. In burning incipient 
fusion occurs at 2100° F., at which point the total shrink- 
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age was 14 per C5ent. and the bricklet buff in color. At 
2200° F. the shrinkage was 16 per. cent and the bricklet 
grayish buff, while vitrification occurred at 2200° F. ac- 
companied by a total shrinkage of 17 per 6ent. Viscosity 
took place at 2500° F. The tensile strength was only 
moderate, being 84 to 85 pounds. 
The chemical composition is : 

AnalyHa of Pottery Clay, J. C. Bean, Tuscaloosa Co, (No, 100). 

Silica * 60.03 

Alumina t 24.66 

Ferric oxide 8.69 

Lime 18 

Magnesia 380 

Alkalies tr. 

Ignition 11.342 

100.232 
Total fluxes 4.20 

(No. 32 S.) 
STONEWARE CLAY. 
ROBERTS' MILL, COAL FIRE CREEK, PICKENS CO. 

A gray, tough, rather fine grained clay, which in water 
slakes fomewhat slowly to a mixture of grain 
one-sixteenth to one-thirty-second of an inch 
in size. Taste gritty. Patches of fine sand 
and ore scattered through the clay, and associated with 
them are a few small flakes of white mica. 

The clay when ground to 30 mesh and mixed with 21.8 
per cent, water gave a workable mass of quite plastic 
character, which shrunk 4 per cent in drying and 8 per 
cent in burning, making a total shrinkage of 12 per cent. 

Air dried briquettes of the clay had an average tensile 
strength of 117 pounds per square inch and a maximum 
strength of 142 pounds. 

Incipient fusion occurred at 2000° F.; vitrification at 
2200° F. and viscosity at 2400° F. 
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The day bonied to a stiff buff bodj, whicli deepens on 
The <ximpoeitioQ i« as follows : 

i«l»gfc «f MiMiiMM 1 CIti', Jai ^- t t' jm^ Fidtma €•. (Sift, is a) 

mOm (MftlK.,.., .......„, -.,*..-., «S.2* 

Alqalm ...<.,„ -, .......> 30.3S 

m'*Lef -,.,--., ,. .- ....- Svio 

Ferrie aside .-...., .....,, a.20 

[.ta« M 

MaCBottlA .-_ trw 

AJkalica.., ., ._.. T4 

Voiflture ,...<- .- .*..<! ,...,,, , l.*-« 

WwtK vUlea fwnd). ,..,■>,. .....,.-, ...... 43.23 

TotAl flasee , ,*..<-- - 4-2S 

Bpeelflc srmTftT .....-,. , 2,1T 

Tnia clay might also ©erve for stonewaie, It burns to 
a buff color. 

In general coniposition this clay resembles somewhat a 
stoneware clay used at Zanesville, Ohio*, which is given 
below. It will be noticed however that while the per 
centage of total fluxes is very close, the individal ones 
differ somewhat in amount from those in the Alabama 
clay. 

An0l}feU of Okie Ol^ff, 

BlUca (combined) , ,. 25.40 

Alamloa , 21,13 

Water 0.29 

F(»rric oxide 1.28 

Lime ... . . .51 

Mogtiefllfl . . ....... . ......... ........ .18 

Alkftliea 1.80 

Moisture . . , 1.05 

90.24 

Free all! cft (sand) 40.81 

Total fluxes. S.77 

•Ohio Geo. mrv. VU, 193. 
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(No. lis,) 
POTTERY CLAY. 

CBIBBB PLACE, BEDFORD, LAMAR CO, 

A df.rk- colored J tough Dlue clay, containing much or- 
ganic matter. It is very dense, and slakes very slowly. 
No pyrite aud few mica scales were noticeable. 

It requires 46 per cent of water to make a workable 
mass, which was estrremely plastic and fat This clay 
shrunk 12.5 per cent, in drying and an additional 6,5 per 
ceat. in burning giving a total shrinkage of 19 per cent., 
which ia a large amoumt. The tensile strength of this 
air dried briquette should be great, but on account of 
the excessive plasticity it was found hard to mould bri- 
quettes which were free from flaws, so that most of them 
broke at about 100 pounds per square inch. Incipient 
fusion occurs at 1900° R Vitrification at 1^100° F, and 
viscosity at 2300° F. The clay burns to a deep red, 
dense body. 

The folio wing is the composition of it. 

Anaif^sia of FQtterjf Clay, OriftBa' Plaee, Lamar Co, (No. 11, fif.) 

Total Bllica ,,..,. * ftO.9 

Alumina , , - 18.98 

Water and organic niBtter , 12.46 

Ferric oilde * . * . * . . . * . .,.*..*. 7-68 

Lime * - * . ......,,, , . , . trace 

Ma^^sla * trace 

Alkal lea. . , . . . .....* *. ...... . . * trace 

MolBtDre,., .»0 

100.92 

Frfte silica ( sand) , . . . S7.S2 

Total fluieB 7.68 

Specific gravity 2.313 

The chief use of this clay wo^dd probably be as a bond 
for leaner claye, in the manufacture of courser grades of 
pottery, or perhaps sewer-pipe. 
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STOXEWARE CLAY. 

A ieoa^ fine gxained, eocBpftcft, tcH^h cLar, thai CUls 
V> piei;^ eztmoelj slovlj in water. No pjnfee iiolioe* 
able. TMCe socneiriuu gnxtr. 

It Ttqjxmd Z2,^ percent, of water to make h work op, 
gXTiBg a pladtie mass. The shrinkage in dzjing was 10 
per fHf^t, and an additional 7 per cent, in bcmii^. mak- 
ing a t«>tal shrinkage of 17 per ooiL The lensiie stioi^th 
as determioed by palling apart air dried briquettes of the 
clay was on the average 152 poonds per square in Ji with 
a maximam of lib poonds per square inch. 

Incipient fusion oocors at 1900^ F., Titrification at 
2100* i\, viscosity at 2300' F. 

The clay bams to a hard, impervioos body, of a deep 
red color. There is considerable organic matter present 
io the clay, which adds somewhat to the plasticity. 

Tiie analysis of the clay is as follows : 

AnnlyJiU of ffiOAetcare Clay, Pembamk, Lamutr Co. iNo. 27 S.) 

Hilk:a f total; 6S.50 

Alumina 13.00 

Wati^r and organic matter d.TO 

Ferric oxide «.40 

lAme .25 

MaintMla tr. 

Alkalltti tr. 

Molftture 3.40 

90.21 

Frw5 silica (sand) 43.90 

Total imparities 6.65 

Hp^cinc gravity 2.305 
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This clay would probably woik very well for stone- 
wara 

(No. 718.) 

POTTERY CLAY. 

W. DOTY, FAYETTE CO. 

A fine grained, red clay, with little coarse grit, and 
very few mica scales. Slakes quickly to fine grains. It 
required 34.3 per cent of water to work it into a mass of 
good plasticiry, the bricklets made from it shrinking 7 
per cent, in drying and an additional 6 per cent in burn- 
ing, giving a total shiinkage of 13 per cent. 

The tensile strength of the air dried briquette^, was 
on the average; 116 pounds per square inch, with a max- 
imum of 155 pounds. 

Incipient fusion occurs at 2000® F., vitrication at 
2200"^ F., and viscosity at 2400"^. 

It burns to a dense hard body of a nice deep red color, 
which darkens as vitrification is approached. 

The composition of the clay is as follows: 

A nafyat's of Pottery day, W. Doty, Fayette Co. ( No, 71, S. ) 

Silica (total) 65.58 

. Alumina 19.23 

Water 5.50 

Ferric oxide 4.48 

Lime tr. 

Magnesia tr. 

Moisture 1.40 

96.19 

Free silica (sand) 45.85 

Total fluxes 4.48 

Specific gravity 2.42 
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(No. 70 8.) 
POTTERY CLAY. 

W. DOTY, FAYETTE CO. 

A fine grained, rather gritty, reddish clay. In water 
it^slakes quickly to small irregular grains. The addition 
of 25 per cent of water gave a plastic mass, which shrunk 
6.2 per cent, in drjringand an additional 5.8 percent, in 
burning, giving a total shrinkage of 12 per cent 

Briquettes of the air dried clay had an average tensile 
strength of 95 pounds per square inch, and a maximom 
of 151 pounds. 

Incipient fusion occurred at 2000^ F., and viscosity at 
2400® F. The clay bums to a yellowish color at 2000**, 
but to a red at 2200®. The body of the burned clay is 
smooth and dense. 

The clay analyzed as follows: 

Analysis of Pottery Clay, W. Doty, Faette Co. (No. 70 S.) 

Silica (total) .* 6T.10 

Alumina 19.37 

Water 6.08 

Ferric oxide * 2.88 

Lime tr. 

Magnesia 725 

Alkalies 872 

Moisture 1.71 

M.537 

Free silica (sand) 43.9S 

Total fluxes 4.27 

Specified gravity 2.416 

In rompositon this clay resembles some-what a clay 
used for pottery and sewer pipe, and obtained at Gilker- 
son Ford, Henry Co., Mo.* 



•Mo. Geol. Surrey XI, p. 828. 
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The compositioti of this clay is: 

AualyHt of Olatfj Honry Oi>., If a. 

Slllcft , * , * 6T.49 

Alumlntt * . . 21.11 

Water..... .* .♦- 5.05 

Ferdc oTlde . ■ . , .,....., .»...*».. 2.45 

Lime - IT 

Magnesia ........ ...... .*....... « » * « tQ9 

AlkftUefi.., . 2.fia 

Total fiuxea .....,,, ,.,..,.. ,.,.... 6.08 

Specific gravity 2.23 

The shrinkage in both drying and hurtling is sx p^r 
cent, and the tensile strength in 110 on the average, with 
a masimuaa of 127. locipient fusion begins at 2000° P. 
complete vitrifi^ ation at 2300^F., and viscosity at 2400^ F. 



(No. 68 S.) 
POTTEkY CLAY (REFRACTORY). 

SHIRLEY S MILL, FAYETTE CO. 

A fine grainei, compact clay, with lit le coarse grit, but 

considerable fine sand. Color drab. It slakes very 
slowly to scaly grains. 

Three per cent, of water were required to niake a work- 
able paste which was quite plastic. This paste ehrnnk 
10 per cent, in drying and 4 per cent in burnings giving 
a total shrinkage of 14 per cent 

The tensile strength of the air dried briquettes showed 
an average of 106 lbs. per square inch, and a mazimum 
of 123 lbs. 

The clay burns to a yellowish white body. Incipieut 
fusion occurs at 2000*= F., vitrification at 2200^ F., and 
viscosity at 2400° F., The composition of the clay is as 
given below: 
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Am^ftU of R*/r.u:tory Pjttery CUj^ Skirlefs MilL, FuyeUm Ca.^ (A#. OS S,} 

Silica rtotAl) ; 72.20 

AlamioA 17.42 

Water and Iom 7.40 

Ferric oxide 2.40 

Lime trace 

Mai^esia trace 

Alkalies 56 

Moixtare .12 



100.10 

Free illlca (MUid) 52.31 

Total flaxes 2.96 

Specific grayity 2.28 



This clay might work for an inferior grade of fire brick, 
or also for pressed brick of a light color, or even for 
potter's clay. It resembles rather closely in composition 
a stoneware clay from Conmierce, Scott Co., Missoari,"^ 
agreeing closely in every respect except the ten&ile 
strength. For sake of comparison the properties of the 
Commerce clay are given herewith: 

Analysis of Clay, Commerce, Mo. 

Silica , 71.78 

Alumina 17.01 

Water 8.13 

Ferric oxide 2.01 

Lime . : 34 

Magnesia 43 

Allcai:es 78 

100.48 

Total fluxes 3.56 

Specified gravity 2.03 

Incipient fusion 2000' P. 

Vitriftcaton 2200'' F. 

VisroHity 2400" F. 

Average tensile strength 225 lbs. per sq. inch 

Maximum tensile strength 2.'34 lbs. per sq. inch 

♦Mo. Geol. Survey, XI, 350. 
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(No. 23 S.) 

STONEWARE CLAY. 

HEZEKIAH WIGGINS, PAYETTE 00. 

A light gray, hard, compact clay, of moderately silic- 
ious character and contaiuing a few scattered mica scales. 
It slakes very slowly to tough scaly flakes. 

In order to makCj a workable pasie the clay requiied 
the addition of 34.3 per cent, of water. This paste was 
markedly plastic. Its shrinkage in drying was 14 per 
cent and 8 per cent, in burning, giving a total shrink- 
age of 22 per cent. The tenacity of the air dried mass 
was on the agerage 232 lbs. per square iach with a 
maximum of 300 lbs. per square inch; which is exceeded 
by comparatively few clays. 

Incipient fusion occurs at 1900® F., vitrification at 2100* 
F., and viscosity at 2300® F. The clay burns to a dense 
red body, but requires slow drying and heating to avoid 
cracking. 

The composition of this clay is as follows: 

Analysis of Stoneware Clay\ H. Wiggins, Fayette Co. (No. 23 S.) 

\ 

Silica (total) 63.27 

Alumina 19.68 

Water 6.05 

Ferric oxide 3.52 

Lime 1.30 

Magnesia tr. 

Alkalies 1.20 

Moisture 3.75 

©8.77 

Free silica (sand) 39.59 

Total fluxes 6.02 

Specific gravity 2.82 

The clay agrees in composition in a general way with 
some of the stoneware clays of Missouri and Ohio, and 
its shrinkage and tensile strength are similiar to a ston 
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ware clay from Harrisonville, Cass Co., Mo.,* bat the lat- 
ter haviog nearly S per cent, mare fluxes fuses at a lover 
temperature* 

• (No. 65a. S.) 
POTTERY CLAY. 

TEN MILES SOUTHEAST OF HAMILTON, MAEION CO. 

A moderately gritly, uiedium grained clay with a few 
mica scales, it required 28.9 per cent, of water to meke a 
workable raagSj which is rather lean. The air shrinkage 
of bricklets made from thia was 6.5 p6r cent with an 
addiiional ahriukage of 5.5 per cent in burning, making 
a total shrinkage 12 per cent 

The average teur^ile strength of air dried briqnettes 
was 5S lbs. per sq. inch with a maximum of 6.5 Iba per 
square inch. 

Incipient fusion occurs at 1950*^ F., vitrification at 2160'* 
F,, and viscosity at 2350° F. 

It burns to a grayish buff coloitfe 

The chemical composition is as follows: 

Analt^9i9 of PoUerif {Jla^f IS mfle^ &Quiheu9t of Ssv^Uon, Mwrion Oo. 
iW9. ma, 8, ) 

HlJIcft {total)* ■ ■ " - < " 70 ,00 

Alumlnft , 21.31 

Water . S.ES 

Ferric oxide * 2,88 

Lime . , .,*. .20 

Ma^eflla . t . » «..*#...* * . * < tr« 

Alkalle tr. 

MoJeture . . , GO 

101.24 

Free Hlllca ( iaad)* * < 45 80 

Total flujcea ,*. . « . . S.08 

Bpeciflc ffra^lty . . ♦ 2.10 

•Mil* Qt-il SarTBT XI, p. 815 
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(No. 62 S.) ^ 

POTTERY CLAY. 
THOMAS ROLLINS, FRANKLIN 00. 

A fiue-grained tough clay, which slakts very slowly 
when thrown into water, but splits very easily along thin 
sandy layers which occur at intervals of about every 
half inch, a few mica scales are present, the addition of 
20 per cent, of water gave a workable and quiet plastic 
paste. 

The shrinkage of bricklets made from this paste was 
10 per cent, in drying, and 4 per cent, in burning, or a 
total of 14 per cent. 

The average tensile strength of air dried briquettes was 
102 Ibs.per square inch, with a maximum of 127 lbs. per 
square inch. 

Incipient fusion occurs at 1900® F., vitrification at 2100® 
F., and viscosity at 2300® F. The clay burns to a rtd- 
gray, but has to be heated very slowly, 

The composition of the clay is as follows: 

Analyftii of Pottery Clay, Thomas BollinSy Frcmldin Co. {No. 62^ 8.) 

Total silica 67.50 

Aumina 19.84 

Water , 6.15 

Ferric oxide 6.15 

Lime 12 

Magnesia .10 

Moisture 1.50 

Total 100.97 

Free silica (sand) 43.46 

Total fluxes 5.90 

Specific gravity 2.36 

(No. 65 S.) 
POTTERY CLAY (REFRACTORY.) 

J. W. WILLIAMS, PEGRAM, COLBERT CO. 

A white clay of fine grain, which slakes easily in water. 
The addition of 26 per cent, of water gave a lean 
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workable mass which shrank 5 per cent, in drying, and 
10 per cent, in burning, giving a total shrinkage of 15 
per cent. The average tensile strength of air dried 
briquettes per sq. inch is 30 lbs , and the maximum ten- 
Bile strength per sq. inch is 35 lbs. 

Incipient fusion occurs at 2150 F., vitrificataon at 2300 
F., and viscosity at 2500 F.; the clay burns to a densjB 
yellowish white body. 

Following is the composition of the c'ay: 

AnalysU of Pottery Clay J, W, Williams, Pegram, Colbert Co, (No, 55 8.} 

Total silica C8.45 

Alumina 18.53 

Ferric oxide 2.40 

Water 8.68 

Lime 1.50 

Magnesia 1.25 

Alkalies tr. 

Moisture .78 

99.59 

Free silica (sand) 44.22 

Total fluxes 5.15 

Clay base 49.44 

Specific gravity 2.39 

This clay could probably be purified by wa-^hing, it 
ccrresponds in general composition to a fire clay from 
Parker and RussePs Mine* mar fet. Louis Mo., but the 
latter on account of its greater coarsen€ss, has a larger 
refractoriness. 

BRICK CLAYS. 

The term brick clays is a somewhat elastic one for it 
may include those used for the manufacture of common 
brick, front or pressed brick, and paving brick. As the 
requirements are somewhat different they can be men- 
tioned briefly and apart. 

Clays for common brick. For this purpose almost any 

*Mif80ari Geol. Survey. Vol. XI, p. 570. 
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clay suffioeei in fact eo little attention is applied to 
material ueed for this purpose, that the product is often 
soft and porous. Clays for common brick should not be 
excessively sandy^ otherwise the brick will be weak and 
porous. They should possess suflScient plasticity to mould 
without crackings but not be bo plastic as to warp^ due 
to excessive shrinkage. Most brick clays burn red. Fer^ 
ruginous clays can be more safely burned to a hard pro- 
duct than clacareous ones, which burn buff or cream 
colored-. 

The methods used for moulding common brick are the 
lo/f mud, by which the soft plastic mass is forced into the 
monld; and the stiff mudj in which the clay is forced from 
a die of rectangular cross section and then cut up into 
brickd. The latter method gives greater capacity, but 
the bricks u a less thoroughly burned will not stand the 
weather as well. Very plastic clays and very If an 
ones are adapted to the stiff mud processj the former be- 
cause they are not tenacious enough, the latter because 
owing to their pastiness and the structure of the machine 
a lanti Dated structure is developed in the brick. 

Brick clays should have a tensile strength not less than 
60 lbs. per square iuch. They are not required to stand 
a high degree of heat, a few common brick kilns attain a 
temperature of over 1800 or 1900 degrees Fahr. 

The more rapidly the clay slakes the easier will it be 
to tamper it 

Clays for front or pressed brick. For this purpose a 
lighter grade of clay is required, and the material must 
not only burn to a hard body but also to a uniform 
color, for on the lattpr depends much of the beauty of the 
structure. In no branch of the clay wot king industry is 
the range of colors producible from natural clay mixtures 
more carefully considered than in the manufacture of 
pressed brick. 
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Many Bhades are obtained either by mixing two or more 
clays, or by adding artificial coloring agents to the raw 
materials. 

Clays for front brick should shrink evenly in bumyag, 
and not warp nor crack, Straightness of outline and 
evenness of size are essential to close fitting when set in 
the wall. 

Many front brick are moulded by the dry-press procesSj 
in which the clay is forced iato the mould in the form of a 
dry powder. Such bricka have straight edges and smooth 
Burfttces, but unless burned good aud hard they chip 
easily. At many localities the clay ia moulded in soft mud 
or stiff mud machines, and the brick, while still soft, re- 
pressed in a second machiae whereby the surf aces are 
smoothed even and the edges straightened. These lat- 
ter brick do not tend to exhibit the samebrittleness along 
the edges as the dry press brick are apt to. 

Front brick sell from $15.00 to |70.00 per 1000, de- 
pending on the color and shape. 

Clays Jot paving brick The nature of these must be 
such that they can be burned to vitrification. To do this 
economically and on a large scale the points of vitrifica- 
tion and viscosity should be at least 125"^ F. apart and 
preferably 200° F. If they were not it would be impos- 
sible to bring a kiln full of bricks to vitrification without 
running them up to the temperature of viscosity. For 
this reason calcareous clays are not well adapted to pav- 
ing brick manufacture, 

Paviog brick clays should possess moderate or good 
plasticity so that they can be moulded by the stiff mud 
process, and while it is desirable that the tensile strength 
should be 75 pounds or more, at the same time many 
good pavers are made from mixtures whose teusile stiength 
is not over 50 pounds per square inch. 

Shales are used to a large ext* nt for the manufacture 
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of paving brick^ partly because many of them contain 
about the right quantity and kind of fluxing impurities^ 

and also because, owing to the fineness of grain, they vit- 
trify more evenly and thoroughly. 

Paving brick are at times made from fireclayj and the 
results obtained are excellent, but still shale is the favored 
mateiial. 

Except for comparing brick made from the same 
deposit, the color is absolutely no indication of the quality 
of a paving brick. 

The important properties which a paving brick should 
show are low absorption (undtr ^percent) and resistance 
to abrasion. Crushing strength is of little importance 
provided it exceeds say 8j000 pounds per square inch. 



The brick clays described below come from several 
geological formations. The Graves^ s bales, Nos. 107 and 
108 ; the Coaldale shale and the Pearce Mill shale, No. 3, 
are Carboniferous shales. The Dixie clay and No, 128 
and 129 of Mr. Stevens, are from the Poleozoic limestones^ 
while the rest, No. 110 from Shirley's Mill, No. 122 from 
Chalk Bluff", Elmore Co.; No. 126 of Mr. Stevens, from 
Woodstock; No. A, from Tasealoosa Co., are from the 
Tuscaloosa formation of the Sower Cretaceous. 



(Nos, 107 and 108.) 
BRICK-SHALES. 

W. H. QRAVEBj BIRMI^^GHAM, JEFFERSON CO, 

Associated with the coal on the property of Mr, W. H, 
Graves are two beds of shale, vizr a yellowy sandy shale, 
and a gray one containing much less grit. Both of these 
were tested physically and the results of these tests are 
given below. The yellow shale contains a high per cent- 
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age of ferric oxide and fuses very easily, while the gray 
shale contains several per cent, less, and is much better 
adapted to the manufacture of vitrilSed wares. The com- 
position and physical characters of the two are given side 
by side for the purposes of comparison. 

Light or gray shale, No. 108. 

Plasticity, quite g'^od. The shale takes 25 per cent of 
water to work it up. 

Air shrinkage 2 per cent. 

Shrinkage at 2000* F., 9 per cent. Brick good red 
color not, very porous. 

Shrinkage at 2200® F., 12 per cttnt. Brick reddish 
brown, and just about viiritied. 

Fusion a 2500* F. 

Tensile strength — average 105 j ouudp, miiuu.um 85 
pounds per square inch. 

Dark or yellow shale, No. 107, 

Plasticity moderate; shale gritty, requires 20 per cent, 
of water to work it up. 

Air shrinkage 1 J per cent. 

Shrinkage at 2000® F., 5 per cent. Brick good red 
color. Somewhat porous. 

Shrinkage at 2150® F., 6J per cent, Brick nearly 
dense, reddish towards brown. 

At 2250® F., neariy vitrified. 

Fusion at 2500® F. 

Tensile strength only 40 pountls to square inch. 

Analysis of shales, Birmingham, Jefferson Co. (No. 107 and 108.) 

( '■ h) (107) 

Silica 57.80 61.55 

Alumina 25.00 20.25 

Ferric oxide 4.00 7.28 

Lime 2.10 tr. 

Magnesia 80 .986 

Ifirnilion 7.50 6.19 • 

Allcalies 1.80 2.25 

99.00 98.466 

Total fluxes 8.70 8.45 

Specific gravity 2.12 2.23 



BRWK CLAYS. Ig7 

The gray shale burns to a denser, harder body tl an 
the yellow, and does not blister as easily in burning ow- 
ing to its lower per centage of iron. 

PAVING BRICKS SHALE, 

COALDALE, ALA. 

A yellowish red, soft shale, with considerable grit. No 
mica or pyrite noticeable. 

Ground to 80 mesh and mixed with 22 per cent, of 
water it gave a lean paste, which shrunk 4 per cent, in 
drying and 5.5 per cent, in burning, giving a total shrink- 
age of 9.5 per cent. 

The tensile strength of the air dried briquettes was on 
the average of 25 pounds per square inch with a maxi- 
mum of 35 pounds. 

Incipient fusion occurs at 1900® F., vitrification at 
2000° F., and viscosity at 2150® F. 

The shale burns to a red body and makes a good red 
brick. It is also used for paving brick. 

(No. 33.) 
RED SHALE, 

PEARCE's mills, MARION CO. 

There is an an extensive outcrop of partially weathered 
Carboniferous shale along the private road of Mr. Pearce 
just before reaching the milUs. It is a red, rather fine 
grained material, and contains a small amount of mica. 
Its soft character readers the mining of it an easy 
matter. When ground the shale gives a moderately 
plastic mass whose plasticity could no doubt be increased 
by weathering. Forty per cent, of watf r were required to 
work it up, and the bricklets made from this material had 
an air shrinkage of 4 per cent. When burned to 2000 
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F., til© lo*al aluiukage w^s 8 p*?r cent, and the oolar of 
the bricklet was a rich red. At 2100° F., the color of 
the bricklet was the same^ and the fihrinkage waa d per 
cent, incipient fusion having occurred at this point 
Vitiification occura at 2200^ F., and the color is deep red, 
while viscosity took place at about 2300^ F. In drying 
the clay showed little evidence of containing any appre- 
ciable quantity of soluble salts that would tend to form 
any efflorescence, nor did any show themselves afetr 
burning. 

The comparatively small shrinkage and the rich red 
color to which the clay burns would make it ad- 
mirably adapted to the manufacture of pressed brickj but 
unless it was mixed with a more plastic clay it would 
hardly work for the production of terra cotta. 

The semi* weathered character of the material would 
also facilitate the preparation of it 
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(No. A.) 
PAVING BRICK CLAY, 

TEN MILE CUT, TUSCALOOSA CO. 

The sample of this clay was collected by the writer 

from what is known as the Ten Mile Cut on the M. & O. 
R. R., west of Tuscaloosa. It is a somewhat gritty clay, 
which contains thio seams of sand. The general color of 
the clay is bluish -gray, but here and there it shows stains 
of limonite especially on the sandy fractures. Wh^n 
thrown into water it slakes and gives in working a some- 
\*hat gritty, but quite plastic mass, which requires 26.00 
per cent, of water to work it up. 

The air shrinkage of the clay amounted to 8 j per cent 
while at 2200° R, it was only 10 per cent., and at 2300° 
F., 12 per cent, at which point incipient fusion occurred* 
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Vitrification took place at cone 27 in the Deville fur- 
nace and fnsion above t*one 30. 

The tensile strength of the air dried briquettes varied 
from 126 to 144 pounds per square inch with an average 
of 140 pounds. The clay^burus to a buff color, and is 
to be classed as a refractory one although it is not highly 
so. Its location is excellent for cheap working, and easy 
shipment of the product, and while it has been put under 
the head of paving brick clays there is no reason why it 
should not find uses in other directions as walL 

The chemical compositi@n of this clay is as follows : 

AAal]^»U of Paving Brick Okiy, Ttuoatoota Co* {N&, A.} 

Silica . 72.70 

Alumina ,♦*»«* * ^ . , . . .*...*.» . . « . 19.61 

Ferric oxide ..*....,. ,....,.,, ,,.,,.. ,954 

Alkalies SO 

Ignition * * ,.....,.* 11,50 

100.E144 
Total fluxes , . 1,734 

PRESSED BRICK (LAY, 

DIXIE POTTERY CO., OXFORD, CALHOUN CO. 

This is the clay used by the Dixie Tile and Pottery Co, 
For the mauufficturer of buff brick, the clay is quite plas- 
tic, aod considering this fact it does not seem to require 
an extraordioary amount of water to work it up. The 
amount uacd being only 25,75 per cent. The average 
tensile strength is 130 pounds per square inch, with a 
maximum of 144 pounds. In air drying the clay shrunk 
about 10 per cent ; at about *i200^ F. incipient fusion be^ 
gan, and up to this point the clay had burned a buflf color 
but then began to burn to a gra3^ish tint; vitrification took 
place at 2400°, and the total shrinkage to this point w^as 
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1 8 per cent The clay fused or became viscous at 2600° 
F. The following is a composition of it : 

AnalyaU of Preaaed BrUth Olay, Oxford, Oalhoun Oo. 

Silica 71.80 

Alumina ^ 17.16 

Ferric oxide '. . . 1.94 

Lime .60 

Magnesia .43 

Alkalies 95 

Ignition 7.60 

99.98 
Total fluxes 3.92 

This clay should make a good buff colored ware if 
burned at a comparatively low temperature, but if burned 
to vitrification the color would of course be much darker 
as indicated by the test, and owing to the high shrinkage 
in burning it would be necessary to conduct the latter 
slowly and with care to prevent cracking of the clay.* 

(No. 110.) 
PRESSED BRICK CLAY. 

SHIRLEY'si MILL, FAYETTE CO. 

Tiie clay from this locality is a very fine grained dense 
one, but at the same time breaks up very easily. 

It took 33 per cent, of water to work it up, and the air 
shrinkage of the bricklets was 6 per cent. 

Incipient fusion occurs at 2100° F. 

Vitrification took place at 2200° F. and at this point, 
the brieklet showed a total shrinkage of 16 per cent., and 
a deep cream color. 

In the Deville furnace, at cone 27, the clay became 
viscous. 



♦Those bricks are well known in Alabama, and deserve to be even more 
generally usd than they are. E. A S. 
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While this clay is not to be looked upon as a sofractoiy 
one, it would seem that owing to the beautiful color, to 
which it burns, it would be highly desirable for the manu- 
facture of pressed brick. 

The composition of the clay is : 

Analysis of Pressed Brick Olay, BMrley's Mill, Fayette Co. (No. 110.) 

• Silica f 71.32 

Alumina 20.10 

Ferric oxide 1.05 

Lime tr. 

Magnesia , 316 

Allcalies tr. 

Ignition 7.505 

100.291 

Total flaxes ' 1.866 

Specific gravity 1.90 



(No. 1-22.) 
BRICK CLAY. 

CHALK BLUFF, ELMORE CO. 

The upper half of the clay bed at this locality is com- 
posed of a dark, dense, grayish brown clay which contains 
a large amount of organic matter, eitht r in a finely divided 
condition or in the form of leaves. Although not sandy, 
at the same time it is rather lean when mixed up with 
water, and owing to the presence of so much organic ma- 
terial absorbed 40 per cent, of water when it was being 
worked up to a plastic mass. The air shrinkage was 
however only 6 per cent. At 1900° F. it had reached a 
total of 14 per cent., but the bricklet was still very ab- 
* sorbent ; at 2100° F. incipient fusion had been reached 
and the total shrinkage was 18.7 per cent., while the 
color was brownish red ; and at about 2200° F. the total 
shrinkage was 20 per cent, and the color brown, and this 
color had deepened considerably at 2250° F. with the ap- 
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appearanoe of vitrifi cation , while the maximum shrinkage 
amounted to 21 per cent. Viscosity was obtained in the 
Deville furoac** at cone 27. 

This clay therefore ehowa an eppreeiable and safe dis- 
tance between vitrification and viscosity. The tensile 
strength is however low, averaging 75 pounds per square 
inch, with a maximum of 97 pounds per tquare incli^ 
and a minimum of 68 pounds. Specific gravity^ 2,41. 



(No.26 A. Stevens.) 
BRICK CLAY* . 

WOOKSTOCKj BIBB CO. 

This is quit© a plastic clay, which requires 29 per 
cent of water to produce its maximum plasticity. The 
air shrinkage was 6 per cent., and the average tensile 
strength was LOl pounds per square inch, with the max - 
mum of 104 pounds. The fire test gave the foUowiLg 
results : 

At 2260"^ P., the shrinkage 10 per cent, clay incipiently 
fused, color buff. 

At 2400^ F., shrinkage 1 1 per cent^ color a dark buflf* 

At 2500^ F., day vitrified, color reddish. 

Viscosity occurs at cone 27 in the Deville furnace. 

The composition of the clay is : 

Analpait of Briok Dlajr^ W&odttoeh, Afb^ Co. (No. m A* Btevmu,/ 

Sllkft T4.20 

Alumina 17.25 

Ferric oxide ♦ 1,22 

Lime 30 

Ma^e^la .... .40 

Alkalies ..,,,,,., tr. 

Ignition 7.35 

100.73 
Total fluxes 1.92 
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(Na 129, Stevens.) 
BRICK CLAY. 

BIRMINGHAM. 



I 



This is a very deose hard clay, which required con- 
siderable grinding to break it up. The diflerent lota were 
mixed upj and the one, A^ being composed of two-fifths of 
the clay which was passed throagh 20 mesh sieve, and 
tbee-fifths of particles greater than 20 mesh. 

The second lot, B, was made up entirely of that which 
had passed through the 20 mesh sieve- 
Both lots gave a rather lean mass, but A required 19 
per cent of water and B 16 per cent, to work up. The 
average tenaile strength of A is 12 pounds, and that of B 
35 pounds. The air shrinkage of both was 4 per cent 

In burning to 2300^ F. the shrinkage of A was 3 per 
cent, the color of the bricklet a full yellow, and the body 
very absorbent At 2400^ F, incipient fusion occurred in 
both cases, and the color of the bricklet was a brownish 
gray, and the total shrinkage 10 per cent. 

At 2500"^ F* the clay was vitrified, of a dull brownish 
gray color, and showed a very homogeneous fracture. 
Viscosity occurred at 2700° F. 
The chemical composition of the clay is; 

jlfMJlysia of Brick Ol<j^^ flirmlnffhafli, (Wo, m Sterna.) 

Silica ,,, ..._.. 67.30 

Alamina 16.10 

Ferde oxide , * - * * . *-*.** 7-7T 

Lime * ... . - . . ,.. ,, tv, 

MagtieslA ........ . .... , , ,,, tr. 

AlkaUftS ......... . , , * . . ....... ........ tr. 

Ignition 9.25 

Ttital fltuefl 100.42 
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paBte^ which to the feel waa very slightly pLasttc and it 
tasted gritty. In shrinkage in drjing was 6 per cent and 
3 per cent in burning, making a total shrinkage of 9 per 
cent 

Air dried briquettes of the mud had an average tenailt 
strength of 66 [^oonds per square inch, and a maximum 
tensile strength of 68 pounds per square inch. 

iDcipient fusion occurred at 2000° F.; vitrification at 
2160^ F. and viscosity at 2300° F.; at 2000^ F. it burns 
to a buff^ but on retrifjing it becomes red in color. 

The composition of the clay is as follows : 

AnclysU of €laft S. i^aimer, Be»Mr^ Marten €9. (No. 40 3.> 

Silica (totEll T1.S3 

AltjmlttJt ,.,,,, ,.*... - » 2138 

W»Ur . , 5 54 

Fftrrle oxide . . . . « - -32 

Lime , - 4!34 

Mairn««J* - - - * * * ' * **^ 

MoSstur* * * L05 

100.659 

Free nULca ( satid) . . , - *..-.- ...... . . ♦ . 46.45 

Fluxe* , * .S59 

8pei?lfic ETtiTllj ... * * 2.S05 

(No. 12.) 
CLAY FROM H. PALMER, 

BEXAR, MARION CO. 



A fine grained clay, with sandy laminae and mica 
Bcales between the layers. It slakes slowly to fine particles 
and grains of sand. 

The clay required the addition of 31 percent, of water 
and gave a moderately plastic mass, that shrank 5 per 
cent in drying and 3 per cent in burning, making a* 
total shrinkage of 8 per cent. The briquettes made from 
this paste had, when air dried, an average tensile strength 
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of 85 pounds p r square inch, with a maximum of 89 
pounds per square inch. 

Incipient fusion occurs at 1950° F., complete vitrifica- 

tioh at 2150'' R, and viscosity at 2350^ R The clay 
burns to a yellowish red body* 

Its compoailion is as follows ; 

An<il)f»iA of Qlay^ ff. F&m&r^ Bea<ir^ Marion Go. <Ha IZ} 

Total silica , 09,9S 

Alumina ..,,.,,. . , . , ,,,,,♦*, *,,**,.. SO.IB 

Water*.. .,, 5.90 

Ferric oxide ...... ...... ♦,**.♦ . , » . . . 1.8S 

Lime * . .**.... .<»...,«.» .««.,.,.,, A2 

MagtiGHla ,,..,,,,, ..,.,, . tr. 

Alkalies tr. 

Moisture ...... ......... ........* .....*,,, ^ , . l.SO 

Total fluxes 1.80 

Speeiflc gravity , , 2.28 



(No 41 S.) 
MOTTLED CLAY. 

BEXlRj MARION CO. 

A very open grained, sandy clay, with scattered scales 
of mica and occasional iron stains. It slakes very 
quickly to its component mineral grains. 

It required 39 per cent, of water to work it up. It is 
slightly plastiCj and shiunk 6 per cent, in drying with 
an additional 11 per cent in buruingj making a total 
shrinkage of 17 per cent. 

Air dried briquettes of the mud had an average ten- 
sile strength of 15 lbs, per square inch, and a maximum 
of 80 lbs. per square inch. 

Incipient fusion occurs of 2000° F,, vitrification at 2150* 
F., and viscosity at 2300. The clay bums to a red, but 
not very smooth body. 

The clay analyzed as follows: 
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AmaiywU of MotOed Clay, Bexar, MarUm Co, {No, 41 8.) 

Silica (total) 72.40 

Alumina 14.86 

Water..., 5.06 

Ferric oxide 7.64 

Lime 20 

Magnesia 40 

Molstnre 65 

101.2U 

Free BlUca (aiuid) 55.20 

Fluxes 8.24 

Specific gn,Yltj 2.44S 

« 

(No. 18 8.) 
BLUE CLAY, 

THIRD CUT NBAB GLEN ALLEN, MABION CO. 

A very fine-grained soft clay with little grit, which 
slakes very readily on being thrown into water. 
1^ It required 28 per cent, of water to make a workable 
mass which was slightly plastic. The shrinkage of this 
paste in drying was 8.3 per cent., and in burning 7 per 
cent., giving a total shrinkage of 15.3 per cent. The 
tensile strength of the air dried briquettes was 56 lbs. 
per square inch on the average, with a maximum of 65 
lbs. per square inch. 

Incipient fusion occurs at 1950"^ F., vitrification at 
2150^ F., and viscosity at 2350° F. 

The clay burns to a light blufl*. 

The composition on analysis was fcund to be as follows: 

Analysis of Blue Clay, R. R. Cut, near Olen Allen, Marion Co. (No. 18 S.) 

Silica (total) es.lO 

Alumina 21.89 

Water *. 5.05 

Ferric oxide 2.01 

Lime 80 

Magnesia 28 

Alkalies 40 

Moisture 70 

99.230 

Free silica (sand) 41.60 

Total 4.19 

Specific gravity 2.44 
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The fineness of grain is probabljr accountable for the 
low tensile strength and comparatively low temperature 
of Yitrificatlon and fusion. As far as the composition is 
concerned it is not unlike some of the potters clays used 
it tbb United States^ but its low tensile strength would 
probably act against its utility for this purpose, unless 
mixed with a more plastic clay. For building materials 
it would no doubt work all right. Being of fine uniform 
grain permits the production of a very smooth surface on 
the ware. 



(No. X. SO 
CLAY FROM W. J. BECKWITH'S. 



COLBERT CD, 



^the^ 

^V A mod eratel y fi ne-gr ai ne d , h ono oge n eou e, b ri ttl e^ po rous 
clay, with a sfmi-couchoidal fracture. In water it slakes 

^^filowly to particles mostly under one-sixteenth inch in size. 

^P When mixed with 28 per cent, of water it gave a lean 
mass of somewhat gritty feel, which shrunk #5 per cent. 
in drying and fi per cent in burning, or a total shrink- 
age of 13 per cent. The clay had to be dried and burned 
slowly to prevent cracking, 

PAir dried briquettes made of the mud had an average 
tensile sirenglh of 22 lbs. per square inch, and a maxi- 
j mum strength of 38 lbs. 

! Incipient fusion occurs at 2050° F., vitrification at 

I 2250° F., and viscosity at 2450"* F. 
I The clay burns to a deep buff body, and requires earn- 

ful beating to avoid crack iug. 
An analysis of the material gave the following results: 
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dnaipwi* Of Ctaif, W. /. Bfckwith, Coiberi Co. (No. X 8) 

ei]lc& (total),.,. ,.„,, ,, ,>„.,.. ,.,,.. 58.20 

Alamlna ,..*.,-* *♦*,** #,,*,• .....,,... ,,, , 3d.S6 

Water ,. , , 9.12 

MaiTaest^ - . . . ^ - ......... tr. 

Lime ........ .,,..,,,*. .,.,,,,.. .,.».. ,30 

Keirrc oiide ........ ..... 2.22 

Alkalies tr. 

Mo[«ttire 1.18 



100, T8 

Free illlea..,, 22.5& 

Tof al fiaiea 2.44 

Specific grflTltj , « . . 2.18 



THE UTILIZATION OF CLAY FOR PORTLAND 
CEMENT. 

Aside from being used for the manufacture of clay pro- 
ducts, there remains the possibility of using some of the 
Alabama clays for the manufacture of Portland cement. 
The three essential elements of this material are lime^ 
silica and alumina. The first of these is supplied by 
limestone, marl or chalk, while the other two are contain- 
ed in clay. 

In the manufacture of Portland cement the two mate- 
rials are ground and intimantely mixed after which they 
are burned to vitrification. During the burning certain 
compounds are formed, especially calcic aluminatee and 
silicates, whose union with water and subesquent crystal- 
lisation causes the cement to set. The mixture of clay 
and limestone is manipulated so that in the finished 
product, the per centage of lime shall he equal to 2,8 
times the silica plus 1.1 times the alumina atid to main* 
tain this constancy requires that the composition of the 
materials used must be constantly watched. 

AVhile it is possible to get a proper cement mixture 
from materials showing an appreciable range in composi- 
tion^ at the same time care must be exercised. Highly 
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fiiliceous clays or limeatones are undefiirable, the materi- 

eIb used often contain ferric oxide, magneeia or alkalies* 
Their affect according to Shewberry is as follows: 
Ferric oxide combines with lime at a high heat and acta 
lik,e alumina in promoting combinations of silica and 
lime. For practical purposes the presence of ferric oxide 
in a clay need not be considered in calculating the 
amount of lime required. 

Alkalies so far as indicated by the behavior of soda, 
are of no value in promoting the combination of silica 
and lime, and probably play no part in the formation of 
cement 

Magnesia though possessing marked hydraulic pro- 
perties when iguiled alone, yields no hydraulic products 
when heated with clay, and probably plays no part in 
the formation of cement ^ and it is incapable of replacing 
lime in cement mixtures. 

The following analyses taken from the 1897 Mineral 
Industry will give an idea of the composition of clays 
used in port land cement, while following them are several 
Alabama occurence that could no doubt be used in ce- 
ment manufacture. 
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" ** ** * Bean, J. C, l^caloosaCo,...,..,,.. IM 

" " '* " BibbviUe, Bibb Co 151 

** ** " ^' Hull's Station. Tuficaloasa Co,...,.,,.,.,........... 153 

'* *' ** '' near Fort Payne DeXalb Co ...» 160 

" *' " '' near Valley Head, DeKalb Co 147^ ll» 

" *' *' ** Oxanna, Cslhoon Co 134 

" '* *' ** Pefwjeburg, Calboun Go .„...,... 136 

" '' '* ** Pearce^a Mill, Marion Co 166 

*^ *' ** *' Pegram, Colbert Co ,......,.. 157 

,i a i4 .* ji^j^^ j^^ Cherokee Go.......... 1S7, 139, 140, 141 

" " " '* Woodatork, Bibb Co.... -.....,. 162 

" *' '* foreign. „ 201 

" I* i* glaae-pot.,.,. 154, 155 

AnalyBes ofclayi, Missouri ..., 188,176, 177 

'' '* " mottled 197 

'* '* " Palmer, H,, Marion Co .... , ,.., 175, 195 

" ** " paving brick, Toecalooaa Co,... 188 

" ** '* porcelain, ultimate and rational ....* H 

" *^ ** pottery, J. C. Bean, TuBcaloosa Co * .*..*. 170 

'• " " *' H. H. Cribbs, Tuscaloosa Co,,p. 167 

** '* ** '* Oribba Pace, Lamar Co. 172 

*' " " ** W. Doty, Fayette Co 174^175 

• *« " " '' McLean 8, Elmore Co W 

*' Rock Run, Cherokee Co ..„ ISS 

*' ** " *■ ThOB. RolHne, Franklin Co ......,..*..•.» ISO 

^* " *' '' Pegram, Colbert Co 181 

u u pressed brick, Oxford, Calhoun Co , . IS* 

» " '' " '' Shiriey'a Mill, Payette Oo 1« 

** « " Tan-yard Spring, Lauderdale Co Ill 

" " ** white earthenware 54 

*' *' *' white plastic, Toscalooea.... 167 

*' " '* Blip, ultimate and rational.. ,.. 64 

" " stoneware, Blount Co 161 

** *- ^* Chalk Bluff, Elmore Co ..- ^.. ISS 

*' " '*' •' Cooaada. Elmore Co..... Iflft 

** *' " ** Pembank, Lamar Co.. -^ 173 

** *' " " Robert's Mill, Piekena 171 

*' " " *' H. Wiggins, Fayette Co 178 

" '' '* refractory pottery, Shirley's Mill, Fayette Co 176 

'' ■' ** Ohio , 168, 171 

Analyses of kaolins, rational and ulttmate M 

" " '' Randolph Co ,.. 71 

Analyses of shales, Jefferson Oq. 185 

Analysia of ochre, Elmore Co 16* 

Anderson, F. T., DeKalb Co., elaysof .*. 135, 140 
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Ammoaia in clayB..... ,.,..„.... ..,,,..,..„. n 

Appling's, Sam, well, clay in , 102 

Arab. Marshall Oo,, clay and pottery,,. , , „... go 

Archaean and Algonkian clayB.H ..., ...*.».... 70 

Argo clay, Jefferson Go... ,,... „,.„ 193 

Aadtaugo County olayB . 88, 8ft 

** " " analyaie of 201 

Auxlord fire clay, TuBcaloo&a Co...... 152 

Bagwell, W. D-, Fayette Co., claye of....... ...,....,.,., 194 

Ball clays .., 115, U6, 117, 120 

Barite with clays, Oalhonn Oo...,.,. , 75 

Barkervillei Dr Chas*, quoted ..,..,,.,.,.... 45 

BameSt Edmund, Lamar Co., clay. ., 101 

Bauxite analyeee 143, 144, 145, 14fl 

Bauxite banka, clay in.,. 7fi, 13@, 137, 138, 13», 140, 141 

Bauxite in clays.... , , 4 

Bauxite, reflfaciory.... » 142 

Bauxitic clays 13©, 141 

Bean's J. O., clay, Tuscaloosa Co,.. , ..........*,.,............., 27, 28, 97 

*'* ** fire clay, Toacaloosa Oo 153 

** ** pottery clay, " *' 16© 

*' *' etoneware clay, Tuscaloosa Oo. . isg 

Beckwlth, W, J., Lauderdale Co,, clay of....... ill, 1&8 

** *' *' analyses of clay of aOl 

Bedford clay, Lamar Co., analyaee of......... ..,., aoi 

Bedford, Lamar Co,, potteries near .............„* ©g^ 172 

Belgreen and Burleeon, clays between.. ............ 108 

Bessemer fire brick works , 92, 150 

Bexar, Marion Co., clays near.. ....... 106, 107, 194, 196 

Bibb County clays,.. '...... 76, BO, 150, 151, 191 

Bibbsville, Bibb Co., clay at... .,. 91, ©2, 133, 134, 150 

Big Sandy Creek, Tuscaloosa Co., clay on.................. 94, ©5 

Binding power of clays, see tensile strength 

Biolite in clays 43 

Birmingham clay. 192 

" shales...... 1S4, 201 

Bishop, quoted. — ,. 31 

Bitter taete of clays 21 

Black, J W., Fayette Co*, quoted............. 103 

Black cores in bricks 15 

Bleaching of claya 17 

Blistering of clay ware 15 

Blount County clays. - *, 74, 100 

Blue clay, Marioa Co .- 197 

Bluff and Brush creeks, Lauderdale Co.. clay between. Ill 

Bogg^s pottery, Elmon Co.. 88 

Bohemian kaolin, analysis of...... 54 

Bone china of England , , 18 

Borings, clay in ., 99^ 103 

Box spring, Tuscaloosa Co., clay of.,,. 93 
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Bminard, A, F., quoted ..«,.,,... ,...,,. m 

Brick clays ,,..,,.,.. 72, 73, 76, 88, 92, 97, 181, 190. 191, 192, 1B3 

*■ loama ..* , ..,, ,., 112 

** manufaoture * .,. „„.. 90, 109, 150 

** Inhales. * , , 184, 186 

Bricks ill U. S. in 1897, valaaMon ol **' ,„ 1 

'* vitrified ....,.„„... „.... m 

Brown, Wm., Lamar Ck>., oiaj of... .,..,. 101 

Braeh aud Bluff creeks, Lauderdale Co- , clay between ».,.....,„... Ill 

Bnff ware , ,.. IB 

Buhrstoiie flint claya........ .,.....,.. „..* llSi, 16S 

Building brick claya ...., .,._ 72, 73 

*' *' loam... , _. 112 

Burned clays (grog) 27, 132 

Burleson, Franklin Co., clays near...... ,» 108 

Calcareous clays,.. 17^ 183 

Calcite. ..„,.. .„.. ,.. 16, m 

Calcinm oxide detemxi nation. <........ 47 

Caldwell, Dr., quoted.. ..*.. 73 

Calhoun County clays.................... .,... 75, 80, 134, 135,183 

*' " kaoUn..... 74 

Cambrian clays .., 73, 133 

Carbonate of lime in clays... , 16, 17 

Oaraoaate of iron in clays,,. ..,„, 44 

Carboniferous plastic fire clays ..,,. 131 

Centerville, clays near. SO, 91 

Chalk..... 78,86,201 

Chalk Bluff, Ebnore County 8S, 89, 162, 184, 190 

" " Marion Co ^ [ 6, 25. 26, 52. 100, 117, 127 

Charleston limonite bank, "clay horse'^ in 75 

Chan ey's pottery, Franklin Co. 108 

Chemical and physical properties of clays 114 

Chemical clay.. , 58, 88 

** effects of heating clays.... .......,.,.......* 38 

** properties of clays. 9 

Chemically combined water of clays.. , 22,24 

Cherokee County bauxites........... 142 

" '' days .,.. 76, 118, 136, 101 

Chert for glazing 79 

Chilton County claya , 72 

*' *^ raicaschista 70 

China ware clays 79, 110, 115, 116^ US 

'* ^' kaolinite .„.. 71 

Choctaw County clays.. 26, 112, 131, 134, 159 

Claiborne formation fiint clays ,.,,.. 112 

Clarke County flint clays ..112, 131, 15S 

Classification of clays... .'. .67 

Clay...... 3 

Clay, chemical..... 58, 69 
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Olay Ooonty clajg 

** *« kaolinite veiaa....... ,.,..,„.„» 72 

" '* mica scMets * * , 70 

*' ** mica veinfi. . . -.... ..-, 72 

** " pegmatite veins....* 72 

*^01my horaes " 74,75.76, lOS 

Clay origin......' 3 

Clay produced in U. S. in 1897, valoation of......... .,.. 1 

Clay propertiea 1,3, 8, 114 

Clay proBpecting..,., .„.. * 50 

Olay rocks (shaJea) ..„ 7 

"Cflay Bubetance" ., 9, 60 

days, claesifiCfltion of. ,4.............. , 57 

•* compoBition of... ......... ,.....,„..„.. 9 

" diBtributlon of... S 

" mining of .„ 59, fiO 

" miscellaneous ..,..,. ..»..., 193 

" preparaiion of. *.,..*,. 59 

** for Beadstones of graves. 107 

'* for Portland cement..... ,.. 201, 202 

** for vitrified bricka... .._ ..,.„ 10 

** for whitewsBh...... , ....... 110 

CUi^ ftom feldspar rocks..... 5 

'< " gneisses , 5,16 

" •' granites 5, 16 

" '' limestone .,.„ 5, TB 

" **■ Fnleomnc wkm}ea ""^4 * 

days, geological stmctare ftnd dislribtitrOTraK. 6 

'* in sink boles, pond st, etc................... 78 

*' in vehw ., n 

Clays of Alabama, geotegical i elatfous of 09 

*'*■ " MisfflSBippi ......,...„„,,„.„........,......., S3 

" '' Red Momtta*!!, Wilhf VaU^... TT, 75, T8 

days, reMdnal . 5, ft 

'* B«dimentaTy. , ...... §, 7 

Cleburne Connty kaolini te Tfiim 72 

'^ *^ mics Teins..., 72 

!J ** micaschiwtff.. 7Q 

** ^ pegmatie veow. .*.. ,. t2 

ClingscaW*. Dr., Miss., days...... m^ 112 

Coaldale^ Jflffersoti Cc^., pfrrittpas^ liltFiflwi bricto.. 9ft 1S& 

"■ *^ .t ghgfle*. 1S4 

C?bal Bleasttr^, clsys fro». ......*..,.*,., ,..,.*„*,..»*,..,.. i§, 131 

Ctoa«taIPf«fet Re^orfr, qooteii 82. 8ff, 91, 94,^1^6 

Oobalt iaeUjea. ^ p...,™, ., 116 

Oolbert Qaauty aLayft. »_ 59^ 100^ 190( mWrl^tm^W^ 

d^toburmjag elays .. — «.....,„,,,._ 5S 

Cbjoring of claySiby lEoa... — ^ 15 

Color of clo^. ^ .^ «,- M^ 39 

Combined ivftteir.. ^*«**^.^_.....«^ ...... ..... ..^^^...v,^.,^,— 99^ 45 
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CommoQ brick clays , .♦ — .,. ....,,»...„ „,,.„„... 181 

*' " in the U. S in 1897, valuation of. .„„..,„ 1 

Composition orclaya. see analysis .,1. .,.„.,. ..„..,..., 

Contiord Church, Fayette Co., clay near. 103 

ConecDh County flint clays 12, 131, 158 

Conefl. Segerand Cramer .,.......*.....*.*.. *., 32 

Coosa County daye ,. ..„„, 72 

** *■ mica BCliiflts.. 70 

Coosadii Elmore Co., claya near ..,. 88, 165 

CoosL Valley Region, fire clay of. ,,.,*. 133 

Cook, quoted > 25 

Cottondale, Tuscaloosa Co., clays near ....,.,... 93, M 

Cowles' Station, clayi at ,..„,.... 88 

Cracking of clays ,,.. 27, 132 

Cramer pyramids (cones) 32 

Crawford, Roseell Co., clays....... .....J^.. BS 

Creia eDUs clays. . 6, 8, 81, llT", 1^1, 133, 160 

Crlbha, Colored, Capt., quoted^ ..,..,../.,..' 9B 

Cribbs, Dan., pioneer in making Alabama clay ware S2 

Cribba' Fleming W. Lamar Co., clay.......................... 100 

" " " *^ '* pottery..... 1. ..',.. ;...., 92, 100 

Cribbi, H. H., Tuscaloosa Co., clay...... ....,,;„j^ fi2, 03, 166,203 

** ** " '" " pottery ,,,..'.,...,:...„.. 92,93 

Oribbfl, Peter, Lamar Co.. potteries ..*........ ............. 92, "98, 99 

Cribbs' Plaee» Lamar Co . clay of. ...,1.....,.., 172 

Crystalline rocks in Alabama 70 

Davenport, C. C., Cherokee County., clay from.... 161 

Davidson Bros, pottery '^., ...:.. 151 

Davidson's Store, clay at ,...,..... 107 

DeArraanvilie, Calhoun Co., claysof. 76 

Denman, Jas. Cleburne Co , clays of. 72 

Dekalb County claya..................... 77, 78, 79, 123, 123, 146,148, 149 

Detroit P. O., potteries near................ ....^..... ... 101 

Distribullon of clays. ,......., ..... fi, S 

Dixie Tile and Pottery Co., Oxford, clay of. ....70,^ 184, 188 

Dolomite 44 

Dolomite in clays ,...,......., 16, 19, 44 

Doty's, W., Fayette Co., clay „........'.. 103, 174,176 

Drain pipe clays ..,. .......,i...... . gS 

DrMn tHe in U. S. in 1897, valuation of. , 1 

.Drying of washed kaolin ,....„. , 67 

J Dry process of moolding brickB....... , 183 

^^ Dyke's bauxite bank, Cherokee Co., clays of. 1S6, 137, 138.139, 140, 141 

-Dykes limonile bank, Cherokee Co., clays of. 76, 118, 136, 137, 13S, 139, 140, 141 

Earthenware clay.......... ...,, 122 

: Eaj*tpoi$, Colbert Co., fine silica white at..... 112, 

; Edgewood, JJlmoreCo.. clays near... *,..*,.,i 88,163 

** ,. ** *' ochre near mh^.i^^.^.^.-. , 1&4 

i^l^orescetjjce on clay wares .," r..>.., i. 17 

ndge, fil^.near... .o.,.l..^. . 104 
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^ Page. 

EilC^ proi>ertyy Bibb Co., clays on 151 

Elmore County clays 88, 162, 163. 166, 190 

England bone china 18 

English and Mining^oumal, quoted 31 

Epsom salts in days " 20 

Eureka Clay Mines, Dekalb Co., lS5 

European clays, siliciain - '»'^ 

Fat clays : 23, 25, 133 

Parrell's Mill, Macon Co , days near /" S3 

Payette County clays 82, 96, 101, 102, 103, 174, 176, 176, 17j8,^m j?^ 

Payette C. H., clays at and near 2^,192, Ib3 

l^lf^; • .W>ji: ?P 

Feldspar clays .,....;,... ^ . |2 

" in clays ._:'.?:,1^.. ....]' 16,18/28 

" *• kaolin S.'!.,.^...* 116 

Feldspar of granite vein8 ., ..!.,..... ' 71 

Feldsx)ar veins^ clays from ^.. ..,.....' ,, 6 

Feldspathic detritus •, -r^YA 49 

Fernbauk clays, Lamar Co., ,^.. ,.,^....! 22, 26, 52, 98, 173 

" pottery ** " ......;... ,..k..^.; 98 

Ferric salts in clays '........'. 14, 39 

Ferrous oxide determination ,.'.. 49 

** salts in clays.... /........ !! i 14. 40 

Firebrick 86, 87, 94, 132, 133 

" «• clays : 78, 79, 80,86,91,117 

»« ^ ** manufacture 92,109.160 

Firebrick in Ll. S. in 1897, valuation of. :...... ; .. 1 

Fireclays 92, 94, 97, 106, 110, 112, 130, 131, 132, 133 

Fire shrinkage in clays , 26, 27, 28 

Flint 41, 42 

Flint clays :.... 3. 112 130, 131. 158 

Florida clays 6 

Flower vases, manufacture of. 93 

Fluxes in clays 10 ,29 

Foreign clays for Portland cement 201 

Fort Payne, Dekalb Co., clays near 80, 149 

Port Decatur, clays at old 88 

France, kaolin from 54 

Frankfort, Colbert Co., clays near 110 

Franklin (Ohio) Company mines, Dekalb Co * 78 

Franklin County clays 82, 107, 180 

Priedrick, Briggs, Marion Co., clays of. 106, 127 

Free silica in clays , 20 

Friendship Church, Lamar Co., clays near 99 

Proiit brick clays w*.- 182 

Pu ibilityin clays ....':.. .......; ..........^.,i,. : 29,4pJ 

Fusing point of Soger cones...... , ,.....,... .y.. ^ ,^ » .^ 

Fusion of clays .^f.,.^.,.^..,., .^^^^ v> *|8 

©ad^deuf clay near :...:.. ;..,w...kv.. .*'.*..*.*:,.*...**.. »ii>i.^**....i.4.. 74, 117^ 119 

iQkkltman, Marion Co., clays near-..*.-. :^c.'j.v*.-«''i''''«a*i***'*v**i^l5.,,0lijfc m'^jJfiH^ 
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Q^^et in clajB... ...it , * _ 14 

QMsett, M. E. Marion Ck>., ola^of..... im 

G«Deeai diacqaiiop of daya ............ .^«.,.. ,*. 3^ 

Qttolagical reUlioBA of clay*.......,......,,,............... „ m 

Oaologifml itractara and dis^butioa ofcla;«. ,,...,...>.. , „ & 

Geological Sorv^y of U. Su, quoted.............. «...—.«>. M 

Qajrmany olaya ,... ..„...— ._*.,.,^ , 54 

** kaoim ...,. , m^ » 

QUlej> igcanqb, Fr^pklin Co„ C^lnjl of.......... ......,.,.„., 108 

Oirard, Rasft^U Cq., d\^% jkmx - ..„ 87, Sft 

Glazing claj ....,...,. ,,„.. Iflg 

Qlasa*ppt clay &:?, 154 

Qlen Allen, Marion Oo*, ol«rt elc^.„, *.,.*,..... 101, 10^ lOfe 1|? 

Gteanite vbIhb in Alabama , , l(y 

" " .claytfrom 6^ 

Qi^hic gratiit^ (p^gmatlte^j «, .,.„..-.. 70 

QimveSf W. H., Birmingiiam, simlee qif....... SO, Igi 

Green's, J. B., li^pikai: Co., cUy 11% 

** " '' " pottery .,*.,...., m 

GrecQWQQd SpTOgr Mim-^ clays aear.......... yjO' 

Qtmn'B, H. 5., Pfitealb,t:o., olij..... 12a 

(teig. : *7, laa, 133, m 

Quiu, Marion Co., cl^y oqar.. , ^ .101, 104, 10& 

QypWHD ^ .. -** 18, 42 

- ta^,<J(fty«.. !«, 18, ^ 

HaVloysite. 61 

Hamiiton, Marion Co., clayanear .... lOS, 179' 

Hickory tree limonite bank, Cherokee Co., clay in ...„ f^ 

Hilgard, Dr. Eugene W., qaoted.. SS^ 

Hopkina, T. (\, quoted... ld& 

Hornblende i a olaya 14, 1ft 

-Horses,'* olay .»,.,: U,7b,76 

Hotop, E,, quoted » *,.,* 64 

Hughes, J. B., Gadsden, clay of 119 

Huira Station, Tuscaloofla Co., clay near. H, 13a, I&2 

Hungarian porcelain, lime in - IS 

Hydraulic mining of kaolin 

Hygroscopic water (moistnre) m chiyi .... 

I^foas rocks in Alabama ....,...^....... 

Im^rvioQs clays. ..^.^.,...M**.viv...v». ■ ■ - ^ --*vn ^ 

Xjjajpnritiea in kaolin..,.. ............. ^' 

InjSjtpi^ntftision of clays. aft 

Ijpoluble alkaline compounds in clays •..,* *. ,, ._,*,.. IJ 

I^olable residua determination In 0^9. *: v—vfv ^^ 

I^;^ in clays -V. 12, 18^ 14, 43, 47^5^^ i^5, llfl^ ld& 

I|Qn,^ beds with clays, pnrifiloation of 7^ 

J^kflonviOe, Calhoun Cq,^ feolin from ,.,.„m".^ .-^^.^ .... l^ 

Ji^ersonCoQjityclayV-'v^% ■■■— - ■ — --. — ^^Wi 

*K '* sfa ale for brick and cemen t manuf actnre, . - > ^ > ^ > l *M^ ^Mx ^. 
J^l^'s Mill, ToBcalooaa Co., day at, -vr ■ ■■ ^^ 
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ind'e±. ^^^^^M sis 

J^anes, Lewis X, clay in well of., ..„.,. ......T^^^^^T 99 

Jugs, inanufacture of u.. 93 

jD^wn, St Clair Oo,, pottery and claj at...«i.».. S3 

Kaolin.. ...,. ..,..,..,...... .,.,3, 5, 9, 41. 65^ 56, S2 96, 106, 115, 116 

■ '* drying.. ,.,—, 67 

** impnrities..... 9 

Kaolinite .,. „...3, 4, 9, 10, 40, 69^, 70, 71. 123 

^^ ** oompoBition , ,.,.... 4,10 

^b ** from granite viena.... .....* 71 

^B *■ in clays . ..... 40 

B •* orgln ...,, 3 

^* '* veins. .,, ...., 72 

KaoltB mining.... .„,........., 61 

^ " preasee. ....,.*... s;i;ii. ,... 67 

^1 '* residual beds............... ,......:-;,.;.,........... 74 

H *^ vtins . 7, 61 

^B " waBhining... „..,... ..*.*;*;;»..**... 62 

^fcs^ilgore's Mill, Dr., FraixMio Co., day near.... 108 

^■[Kymnlga, Talladegi Co., clays near ..,; **,• .,.,....74, 117, 121 

^pljafayette formation in Lamar Co.... „„,.... 98 

Xamar County clays i,,.. ........98, 173, 173, 202 

Lapsley, Jiidge J. W,, (Vjneton)^ Autanga Co., clajra n^ar .. .... 80, 90 

Lauderdal© County clays , Ill 

IXeaching of clays .,.. 74 

Ijean c'ay , 23 25 

LeCbateUer*s thermo-electric pyrometer ..... ......,.,*;,. 81 

Xigiiiteiix clays..,.. *, 22 

Lilly while, blay tised for....... 85 

p Lima determination ............... ..,......„..,....,. ..i;;,.......i,.. ,,,,». 47 

PLime In clays.. ........j ,.,.........;.•.,............ .,16, 29, 51 159, 160 

" carbonate in clays.. 17 

" silicate in clays..... h*.*.*....... ... 17 

^.liimes one ....,, .,;,.,..... ., ;.... 201 

B " .days fi?om... ,.... .,..:,...„. 73. 75 

^ Ijlmtmite banks with '*clay horses". ..,.,.„,;.. 74, 75, 78 

Limy clays 18 

Idndsay. Joe., quoted ,,,... 102 

I Little, Dr. G., quoted... 82, 83, 93, 96, 97, 98, 102^ 104, 105, 106, 107^ 108, 109, 111 

Xiloyd's potteries. Marion Co ,... .^,92^ 101, 107 

Limonite ,. ..,.!...:.„...,..... 44 

XoedB cTajs, Mlica in .,. — SO 

Iiosa in weight of clays after shrinkage has ceasfd,.... .«,.... 27 

Ijoaina, Bandolph Co., kooUnlte n; ...;...... .; . Tl 

Jilaoon County clays... T ....;.;...., 67 

I iMagnesia determination 46, 47 

K " in clays ,,. 19 

■ Itfallett, Dr. J. W.. quoted...... 71 

" Manufacture of fire Drick.. ,... »2 

Mapleville, Bibb Co.. clays near .* *. t-v v* -^t ^ 

. jttarion Co. claje, 82, 104, 126, 12T, 128, 1S5, 166, 179, 186, 194, lS5. iifi, 197, 202 
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Pottery clay 73, 78 SO, 93, 97, 139, 12», 159, 163, lft5, 166, 169, 172* 174, 175, 176 

179, ISO 

Pottery ware in U. S. in 1897, valuation of. ......,,. ..*....,. 1 

Pott€r7 ware ftom Alabama ,.,.....,... 72 

Post Tertiary loams for buOding brickB* , „.»- ....*.., 112 

Powell's, Reuben, clay.„...,.,.. .,.. , , .,. fl§ 

Porosity of clay.........-* 30 

Prattville days.^.. .,„, .,......,..., .„-. ,26. 28, 201 

Preparaaon of days...,, , *,... fiO 

FreBfted brick, clays for ..„ ...,88, 17T,1S2188, 189 

Pressed brick, shale for.... 187 

Pressed bricks, „. , »......,..,,,.,,,,..,... W$ 

*' '' in U, S. in 1897, valnation of. 

Presses for washed kaolin 

Preealey'e pottery, Elmore Co 

Presto n ^9 , W. D, , pottery, Aataaga Oo. ........ 

Properties of clays 1, 3, 8, 114 

Prospecting for clays ...^ 59 

Puriflcation of clays in limonite banke 74 

Pyramids, Cramer and Seger 3S 

Pyribe... - :..... 44 

Pyritein clays ,,. .„„..,... 14, 44 

Pyrometer, thermo-electric .,... ....... 37 

Pyrometers .,... M 

Pyrometer, Seger ,., 8S 

Pyroxene in clays.,........,,. 18 

Quartz ............*.... 41 

Quartz as a grog... , ..,,. ..._. 132 

Quartz determination .,.. 49 

Quartz in clays 18^ 21, 28, 41, 42 

Quartz in kaolin 116 

Qneenware clay ,. 86 

Radioiarian clay 168 

Railroad cuts, clays gliding in..,. 90, 94, 96 

Randolph. Bibb Co,, clays near.. 90, 91 

Bandolph County clays 72, 73 

'' '' kaolinite , 71, 72 

'* * ** mica veins...... .. 72 

" ** mica schists 70 

*' *' pegmatite veins , 72 

Batlonal analyses 56, 67 

** *' of clays 50, 54, 147, 149 150, 152, 154 

•* *' of kaolin... , §4 

*' " , ases of. .„.,.. m 

Bed burning clays... ^ 

Bed clay, Lauderdale Co , IIA 

RedMounUin, Wills' Valley, claya... 77, 78 

Bed shale, Marion Co .,,,. ... 186 
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